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ENERGY/MATTER CONVERSION METHODS AND STKUCTURKS 

This application is a continuation-in-part or tho 
co-ponding application of Handel 1 Lee Mills, entitled 
Energy/Matter Conversion Methods and Structures'*, filed on 
JXlub 11 , 1993, which is a continuation-in-part of the subject 
matter published June 25,1992 in WO 90/10838 and November 01, 
1990 in WO 90/13126, 

BACKGROUND OF TH E INVENTION 

L field of the Invent ion: 

This invention relates to methods and apparatus for releasing 
energy from hydrogen atoms (molecules) as their electrons are 
stimulated to relax to lower energy levels and smaller radii (smaller 
semimajor and semiminor axes) than the "ground state" by providing 
energy sinks or means to remove energy resonant with the electronic 
energy released to stimulate these transitions according to a novel 
atomic model Each of such reactions is hereafter referred to as a 
shrinkage reaction : each transition is hereafter referred to as a 
sh rinkage transition: each energy sink or means to remove energy 
resonant with the hydrogen electronic energy released to effect each 
transition is hereafter referred to as an energ y hole , and the electronic 
energy lemoveu by the energy note io effect or stimulate the shrinkage 
transition is hereafter referred to as jjhgjresonance shrink age energy 
The present invention further comprises methods and structures for 
repeating this shrinkage reaction to produce shrunken atoms (molecules) 
to provide new materials with novel properties such as high thermal 
stability 

2 D escripti on of the Related Art 

As a result of the erroneous assumptions and incomplete or 
erroneous mooe Is and theories, the development of useful or functional 
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systems and strucr.ur es requiring an accurate under s tana mq of atonic 
structure and enercy transfer nas i>een inhibited The Scnrcomger 
equation, for e>:empie. does not explain tiv* phenomenon of cnomaious 
heal release from riyorogcn in certain e c-'itrotyt ic cells naving a 
b potassium carbonate electrolyte wiin the production of lower-energy 
hydrogen atoms and molecules, which i$ part of the present, invention 
Thus, advances fn materials ano energy/matter conversion nave been 
largely limited to laboratory discoveries having limited or sub-optimal 
commercial application 

S UMMARY OF THE INVENTION 
A novel atomic theory is disclosed in The Unif icat ion_ox_ 
Sgace timo, the For ces, M atter, and Energy. Mills, R, Technomlcc 
Publishing Company, Lancaster, PA, U.S.A. (1992); The Crand 
!LnKi Sd J3l£gxY^. Mills, R. and Farroll, J., Science Press, Ephrata, 
PA (1990); Mills, R. , Kneizys, S. , Fusion Technology, 210, 
(1991),pp 65-81, and in my previous U.S. patent applications 
entitled: "Energy/Natter Conversion Methods and Structures." 
whoce subject matter was published June 25 , 1992 in WO 90/10030 
and November 01 , 1990 in WO 90/13126. 

« 

The present invention comprises methods and apparatuses for 
releasing heat energy from hydrogen atoms (molecules) by stimulating 
their. electrons to relax to quantized potential energy levels below that 
of the "ground state* via electron transfer reactions or reactants 
including electrochemical reactant(s) (electrocatalytic couplets)) which 
remove energy from the hydrogen atoms (molecules) to stimulate these 
transitions in addition, this application includes methods and 
apparatuses to enhance the power output oy enhancing the reaction rate- 
the rate of the formation of the lower -energy hydrogen The present 
invention further comprises methods ar>d apparatuses for repeatino a 
shrinkage reaction according to the present invention to cause energy 
release and to provide shrunken atoms and molecules with novel 
Droocrti?5. such as high thermal statr-inty. and low react iviy- Tiv 
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lower - energy s'.oie atoms and molecules ore useful lor heal :ron. 
cryogenic applications. 3S '3 buoyant cja:i, as a medium in on engine . 
as a Sterling online or b i.urfrii*. ;?s a gener ill replacement fo" heliun. 
and as a rc-lno-rant by aCbO'MrtQ energy including neat energy as ir* 
!> electrons are evened back io a higher energy level 

B^P^^i^yn£LS Lai£ Transitions of Hydrogen Atoms 

According to a novel model of ihe electron derived from first 
pnnc i pies (Uni ficatio n of S oacetime , \t*. Forces, natter, and Energy, 

10 Mills, R. f Technomics Publishing Company, Lancaster, PA, (1992)). Dound 
electrons are described by a charge- density (mass-density) function 
which is the product of a radial delta function <f(r) = 6Cr-r n )), two 
angular functions (spherical harmonic functions), and 3 time harmonic 
function. Thus, an electron is a spinning, two-dimensional spherical 

15 surface, called an electron orbitsphere, that can exist in a bound state at 
only specified distances from the nucleus where each point on the shell 
follows a great circle orbit about the central nucleus. For the 'ground 
state", the electric field is a radial central field inside the spherical 
shell and zero outside, where tne radius of the shell Is the Bohr radius, 

?0 a a At this radius, the electron is nonradlatlve, and a force balance 
exists between the central field of the proton and the electron 

PhfljmJn&cfifl Slates °1 the One Electron Atom 

Excited states of hydrogen arise from the capture of a photon(s) of 

25 discrete resonant frequencies. The bound electron can trap photons of 
discrete frequencies inside this spherical shell, a spherical resonator 
cavity. For the excited modes, the electric field >s the sum of the 
"ground state^ field and a time harmonic solution of the Laplacian in 
spherical coordinates The electric field is nonzero inside of an 

30 expanded resonator cavity where the radius at which nonradiation and 
force balance is achieved is an integer multiple of the Bohr radius The 
photons which excite these modes have energy 

E - -13 6 ev[-*5 - — o| n= 1,2,3... U! 

IV n . J 

n, >n } 
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*oc o spherical resonator cavily, the relationship between an allowed 
radius, r, ana the photon standing wave wavelength, a, is: 

2*r =" nx (2) 
wivvre n is an integer lr,e relationship between an allowed radius ana 
5 rhe electron wavelength is 

2*(nr»> =■■ 2*r n = nAi = A n (3) 
where n * I 

n - 2. 3. 4, ... 

-Ail 
n " 2 4 3 ' 4 • *** 

10 a, is the allowed wavelength for n * 1 

H is the allowed radius for n * I 
Higher and lower energy states are equally valid The photon standing 
wave in both cases is given as 3 solution of the Laplacian in spherical 
coordinates. 
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Excited State Photon 



>r photon n,l,m - -«^- ~'(J77) ["* * " H * tY l C * e) * *s <M,, JJ M) 



For n *■ 2 3 4 

I * 1.2, .... n - I 
20 m - -i. - ! • j, .... 0. 



■>» * - •* • » >•■» • \* »»» «\» V V* t V IV/l wit 



mm n.l.m - ^ ^( -« - n [ Y™ fe» * Y 1 ?] ) (5) 

For n - 7. 3, 4. ... 

25 Jt - j , 2, .... n - 1 

m - -i, -1 • i,..., 0 • 5 

According to Eq. (5). the magnitude of the central field 
corresponding to below "ground stale" transitions is an Integer, and the 
30 energy of below "ground state* transitions are given by 

1"? " 



E - .3.6ev|A - -LI „= 1. 1, i._ (6) 
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Fro.T) energy conservation, the resonance energy n 0 »e of a hydrogen atom 



which excites resonator modes o' radial dimensions — *- is 

- rti* 1 

n't x :>?2ev, (7) 
where m = l. 2. 3, 4, 
5 After resonant absorption of the r,ole, th< radius cf the ort>ilsphere. a 

shrinks to — | and after p cycles of resonant shrinkage, the radius 
is — B — 
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mp * I 

In other words, the radial "ground state" field can be considered as 
the superposition of Fourier components The removal of negative 
10 Fourier components of energy m x 272 eV, where m is an integer 
increases the positive electric field inside the spherical shell by m 
times the charge of a proton The resultant electric field Is a time 
harmonic solution of the l.aplaclan in spherical coordinates In this case, 
the radius 3t which force balance and nonradiation are achieved is 

m . , where m is an integer, in decaying to this radius from the 

'ground state", a total energy of Km < \p - |2Jx 13.6 eV is releasee. 
The total energy well of the hydrogen atom is shown in FIGURE ! The 
exothermic reaction involving transitions from one potential energy 
level to a lower level is hereafter referred to as HECTER (Hydrogen 
20 ^mission by Catalytic Ihermal Electronic Relaxation). 

A hydrogen atom with its electron in a lower than "ground state" 
energy level corresponding to a fractional quantum number is hereafter 
referred to as a hydnno atom. The designation for a hydrrno atom of 

radrus ~ where p is an integer is h|^~ j . 

25 The size of tne electron orbitsphere as a function of potential 

energy is given in FIGURE 2 

LnerqY. Hple (Atomir Hy rtrnqpnl 

In a preferred embodiment, energy holes, each of approximately 
30 2721 ev, are provided by electron transfer reactions of reactants 

including electrochemical reactant(s) (electrocatalytic couple(s)) which 
cause heat to oe released worn hydrogen atoms as their electrons are 
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stimulated to relax to quantized potential energy levels below that cf 
the "ground state - The energy removed by an electron transfer reaction, 
energy hole, is resonant with the hydrogen energy released to stimulate 
this transition. The source of hydrogen atoms is the production on the 
5 surface of a cathode during electrolysis of water in the case of an 

electrolytic energy reactor and hydrogen gas or 3 hydride in the case of a 
pressurized gas energy reactor or gas discharge energy reactor, 

Efcl ow "Ground State" Tran sitions of Hy drogen-Type Molecule 
*0 Molecular tons 

Two hydrogen atoms react to form a diatomic molecule, the 
hydrogen molecule. 

?H[a 0 ] - H 2 [2c - >/? aj (8) 

where 2c* Is the internuclear distance. Also, two hydrino atoms react to 
15 form a diatomic molecule, a di^ydrino molecule 

where p is an integer 

The central force equation for hydrogen-type molecules has orbital 
solutions which are circular, elliptic, parabolic, or hyperbolic. The 
20 former two types of solutions are associated with atomic and molecular 
orouals. These solutions are nonradiative if the boundary condition for 

uk, v.ic Licciiwi mum oauun 01 i ne unn icat ion ot 

Spacetime, j he forces. Matter, and Fnergy , Mills, R , Technomics 
Publishing Company, Lancaster. PA, (1992), is met The mathematical 
25 formulation for zero radiation is that the function that describes the 
motion of the electron must not possess space- time Fourier components 
that are synchronous with waves travelling at the speed of light. The 
boundary condition for the oroitsphere is met when the angular 
frequencies are 



30 



l «* K ~^7~7 (10) 



m e r n 

as demonstrated in the One Electron Atom Section of Tne Unification o f 
gpacetim ? the Forces Ma ttrr a nd Fnerov , Mills, R , Technomics 
Publishing Company, Lancaster, PA, (1992), this condition is met for tne 
product function of a radial Oirac delta function and a t ime harmonic 
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function where me angular frequency, u>, is constant and given by tq 
(10) 



Fl /Tl 



TlL 

c 



where L Is the angular momentum arxJ A is the area or the closed 

S geodesic orbit. Consider the solution of the central force equation 

comprising the product of a \wo dimensional ellipsoid and a time 

harmonic function The spatial part of the product function is the 

convolution of a radial Dlrac delta function with the equation of an 

ellipsoid. The Fourier transform of the convolution of two functions is 

10 the product of the individual Fourier transforms of the functions, thus, 

the boundary condition is met for an ellipsoidal-time harmonic function 
when 

n ft h 



l ° n ~ rn e A m e aO ( ^ 

where the area of an ellipse is 

A=*ab ( I3) 
where 2b is the length of the semiminor axis and 2a is the length of the 
semlmajor axis. The geometry of molecular hydrogen is elliptic with the 
internuclear axis as the principle axis; thus, the electron orbital is a 
two dimensional ellipsoidal-time harmonic function. The mass follows 
20 geodesies time harmonically as determined by the central field of tne 
protons at the foci potation*) cwmm«t^, , , 

-■ **/ *"<•' / %••*. unci nvLltdl riXlS 

further determines that the orbital Is a prolate spheroid, in general, 
ellipsoidal orbits of molecular bonding, hereafter referred to as 
ellipsoidal molecular orbitalstli. O. *s), have the general equation 

The semiprinciple axes of the ellipsoid are a, b, c 
in ellipsoidal coordinates, the Laplacian is 

An ellipsoidal N 0. is equivalent to a charged conductor whose surface is 
30 given by £q t M). it carries a total charge o, and it s potential is a 
solution of thelaplacian in ellipsoidal coordinates, £q us) 
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txcuocJ slates oi oi bit spheres <>re discussed in the Excited Slates, 
of the One Electron Atom (Ouanlizattun) Section of Ihe..iimJLic^onj^ 

SQaceUmsL^h^^^ nms - R - T ^ hnomics 

Publishing Company, lancasur. pa. (1992) in the case of ellipsoidal ri 
b 0. excited electronic Slates are created when photons oi ciscrete 
frequencies are trapped in the ellipsoidal resonator cavity of the M 0 
Ihe photon changes the effective charge at the n 0. surface where the 
central field is ellipsoidal Force balance is achieved at a series oi 
ellipsoidal equipotential two dimensional surfaces confocal with the 

10 ground state ellipsoid. The trapped photons are solutions of the 
Laplacian in ellipsoidal coordinates. Eq. (15). 

as is the case with the orbitsphere, higher and lower energy states 
are equally valid. The photon standing wave in both cases is a solution 
of the l aplacian in ellipsoidal coordinates. For an ellipsoidal resonator 

15 cavity, the relationship between an allowed circumference. Aai, and the 
photon standing wavelength, X, is 

/laE « nx ( ,6) 

where n is an integer and where 

. ^GEZ^ (i7) 

K ~ a 

20 is used in the elliptic integral E of Eq. (16). Applying Eqs. (16) and (17), 
the relationship between an allowed angular frequency given by Eq. (12) 
and the photon standing wave angular frequency, to, is: 



B = « -5 wi - w n 

m e A mcnajnbi mea n o ft n^ 

where n * 1 . 2. 3, 4, ... 

2S n = 2 » 3 » 4 » — 

u>, is the allowed angular freouency for n - I 

a, and bj are the allowed semimajor and semiminor axes for n =1 

From Eq. ne), the magnitude of the elliptic field corresponding to z 
30 below -ground state transition of the hydrogen molecule is an integer. • 
The potential energy equation* of hydroge n- type mo lecules are 

v -P 2* 2 m a.» Vag^jg (19) 

C * 0«o>/ a ? - 3 - V a? - b? 
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v _P_ _ Si 

C * Bncc^Tt? (:>G) 



3o 

a = — 



(2D 



l 

C--^^-%^ (23) 
and where p is an Integer. From energy conservation, the resonance 
energy hole of a hydrogen- type molecule which causes the transition 

■ ] - -4- ■ ] - 

is 

10 mo 2 X 48.6 eV (2*3) 

where m and p are integers During the transition, the elliptic field is 
increased from magnitude p to magnitude p ♦ m. The corresponding 
potential energy change equals the energy adsorbed by the energy note. 

Energy hole - - V e - V p = mp2 x 40.6 eV (26) 

15 Further energy is released by the hydrogen-type molecule as the 

tnternuclear distance 'shrinks'. The total energy. £t, released during the 
transition ts 

..3.6cv[(2^ - . Hiy ^LA . p2 ^j (2?) 

A schematic drawing of the total energy well of hydrogen- type 
molecules and molecular ions is given in FIGURE 3. The exothermic 
reaction involving transitions from one potential energy level to a lower 
level below the "ground state" is also hereafter referred to as HFCTER 
(Hydrogen £missinn by Catalytic Ihermal Electronic Relaxation) 

a hydrogen- type molecule with Us electrons in a lower man 
ground state" energy level corresponding to a fractional quantum number 
is nerealter referred to as a dihydnno molecule* The designation for a 

dinydrino molecule of internuclear distance. 2c « i?-^2_ where Q 1S an 
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integer. 15 >P ? [*: - J a thematic drawing 01 ir* r»;>e d 

nydroqen-type molecules ar. a function or tola! energy is own in F IGURE 

The magnitude of the elliptic Mold corresponding to the first Oetow 
5 "ground stale" hydrogen- tyne molecule is 2 From energy conservation, 
the resonance energy hole of a hycrogen molecule which excites the 
transition of the Uy^roqan molecule with internuclear distance ?c" % >/~2 

3o to the first below 'ground state' with internuclear distance 2c - -i* 

V ? 

a G is given t>y Eos ( 19) and <20) where the elliptic field is increased 
10 from magnitude one to magnitude two: 

Vo . a ♦ V a ? - b2 

VP= ^^^^^ <™ 
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Energy hole = -V e - V p * 48.6 eV (30 ) 
in other words, in? ellipsoidal "ground state" field of the hydrogen 
molecule can be considered as the superposition of Fourier components. 
The removal of negative Fourier components or energy 

m x ARC ev (jt) 
where m is an integer, increases the positive electric field insid* trv> 
20 ei'iosowal shell by m times the charge of a proton at each focus The 
resultant electric field is a time harmonic solution of the Laplacian in 
ellipsoidal coordinates The hydrogen molecule with internuclear 
distance ?c" = ^ a 0 is caused to undergo a transition to a below 
'ground state" level, and the internuclear distance for which force 

25 balance and nonradiat ion are achieved is 2t - ~ ~ m decaying to 
(his internuclear distance from the "ground stale", a total energy ol 



* 15 

released 



^*[(2VS - - -f )m . V5] (3?) 



f72-"*Jul-97 9:09al 



VCTIVS0AiO22\9 



1 1 



fnerpy Hole molecu lar Hydrogen ) 

In a preferred embodiment, energy holes, ezch of approximately 

m x /aao ev. are provided oy electron transfer reactions or reactam* 
5 incluoing electrochemical reactant(s) (eleetrocatalyt ic couple(s)) which 
cause heat lobe released from hydrogen molecules as their electrons are 
stimulated to relax to quantized potential energy levels below that of 
the "ground state' The energy removed by an electron transfer reaction, 
energy hole, is resonant with the hydrogen energy released to stimulate 
10 this transition. The source of hydrogen molecules Is the production on 
the surface of a cathode during electrolysis of water in the case of an 
electrolytic energy reactor and hydrogen gas or a hydride in the case of a 
pressurized gas energy reactor or gas discharge energy reactor. 

1 5 Energy Reactor 

The present invention of an electrolytic cell energy reactor, 
pressurized gas energy reactor, and a gas discharge energy reactor, 
comprises: a means for containing a source of hydrogen; a means for 
bringing the hydrogen atoms (molecules) Into contact with one of a solid, 

20 molten, liquid, or gaseous solution of energy holes; and a means for 

removing the lower-energy hydrogen atoms (molecules) so as to prevent 
an exothermic shrinkage reaction from coming to equilibrium. The 
shrinkage reaction rate and net power output can be increased by 
conforming me energy hole to match the resonance shrinkage energy. In 

25 general, power output ts optimized by controlling the temperature, 

pressure of the hydrogen gas, the source of the energy hole including the 
electrocatalytic couple which provides the energy hole, the counterion of 
the electrocatalytic couple, and the area of the surface on which the 
shrinkage reaction occurs. In the case of an electrolytic celt, power 

30 output is optimized by controlling the the electric Held of the 
electrolysis cell as z function of time, the pH of the solution, the 
surface area of the cathode, the current density of the cathode, and the 
material composition and structure of the cathode, in the case of atomic 
hydrogen shrinkage, further enhancement of the -electrolyt ic cell can be 

35 achieved by preventing the oevelopment of a hydrogen gas boundary layer 
between the surface ol the cathode where the reacting nyarogen atoms 
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arc generated ano the solution which contains the electrocatalytK 
couple This car. t~ achieved by apply.ng vibration or ultrasound to the 
cathode and /or electrolytic solution and by the use of an electrolysis 
circuit where the current is intermittent 

Other objects, features, and characteristics of the present 
invent Jon. as w?n as , he methods of operation ana the functions of tn» 
related elements, will become apparent upon consideration of the 
following description and the appended claims with reference to the 
accompanying drawings, all of which form a part of this speciftcat.on 
wherein like reference numerals designate corresponding parts in the ' 
various figures. 

BRIEF. DE SCRIPTION or tht pp ^ wmr.*: 

FIGURE 1 is a schematic drawing of the total energy well of the 
15 hydrogen atom; 

FIGURE 2 is a schematic drawing of the size of electron orbitspheres 
as a function of potential energy; 

FIGURE 3 is a schematic drawing of the total energy wells of the 
hydrogen molecule, 

H 2 [2c- - V2 a.], the hydrogen molecular ion. ff 2 [2c" - 2a„] the 

dihydrino molecule. H^ 2 C = ^ J and the dihydrino molecular ton. 

FIGURE A is a schematic drawing of the size of hydrogen- type 
molecules. H^c = *L*» J a$ , fync , jon of lQta| 

25 FIGURE 5 is a schematic drawing of an energy reactor In accordance 
with the invention; 

FIGURE 6 is a schematic drawing of an electrolytic eel) energy reactor 
m accordance with the present invention. 

figure 7 is a schematic drawing of a pressurized gas energy reactor 
■JO m accordance wnn the present invention; 

FIGURE 0 is J> schematic dr awing ol a gas discharge energv reactor m 
accordance with the invention. 
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FIGURE 9 is the experimental calor irneler set -up \ - vacuum jacketed 
rfewar, 2 - thermistor, 3 - Pt ?>r»0(Je. 4 - Ni cathode, 5 - magnetic stirring 
bar. 0 - resistor heater. 7 - rubber stopper. 0 - Teflon tubing. 9 - 
magnetic stirrer, 10- aluminium cylinder, 
5 FIGURE 10 is the Experiment "I plot of the heating coefficients 
versus time ) - electrolysis v/itn a nickel wire cathode at 0 08!) A in 
K2CO3, 2 - resistor working inK2C03, 

FIGURE 1 1 is the Experiment *2 plot of the heating coefficients 

versus time. I - electrolysis with a nickel cathode and a periodic 

10 square-wave having an offset voltage of 1.60 volts; a peak voltage of 

1.90 volts; a peak constant current of 47 3 mA; a 36.0% duty cycle; and a 
frequency of 600 Hz in K2CO3, ? - resistor working in K2CO3; 

FIGURE 12 is the Experiment ^3 plot of the heating coefficients 
versus time. 1 - electrolysis at 0.001 A H1N32CO3, 2 - resistor working 
15 In N32CO3; 

FIGURE 13 is the E5CA analysis of a control nickel sheet; 
FIGURE I4A-14D are the E5CA analysis of a sample of the nickel 
cathode from each of an aqueous potassium carbonate electrolytic cell 
and a control aqueous sodium carbonate electrolytic cell, 
20 FIGURE 15 is a schematic of the cryof iltration apparatus; and 

FIGURE 16 is a plot of the intensity verses ionization potential of the 
mass spectroscopic analysts of cryof iltered electrolysis gases evolved 
from the potassium electrolytic cell. 

TABLE 1 is the power input and output parameters of Experiment M- 
25 "3; 

TABLE 2 is the Far3daic efficiency of gas production by the heat 
producing K2CO3 cell and N32C03 control cell; 

TABLE 3 is the observed extreme ultraviolet background emission d3ta 
of interstellar space lLa&ov, S. f Bowyer. S.. "Spectral observations of the 
30 extreme ultraviolet background". The Astroohysical Journal, 371, U99D. 
pp 810-819] according to Eq. (314). 

TABLE 4 is the binding enerafes of trie hydnno atom as a function of 
principle quantum number according to En OI2); 

TABLE 5 is data of the mass spectroscopic analysis with varying 
35 ionization potential of standard hydrogen. 
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TABIC 6 1s data of the mass spectroscopic analysis with varying 
ionization potential of cryof iHered st3n03rd hydrogen; 

TABLE 7 is data of the mass spectroscopic analysis with varying 
»OOJ2at ioi> potential ot gases Jrom the cryof liter alone. 
5 TA£*L£ 8 is data of the mass spectroscopic analysis with varying 
ionization potential of cryof IHered electrolysis gases evolved from the 
sodium electrolytic cell; and 

TABLE 9 is data of the mass spectroscopic analysis with varying 
ionization potential of cryof Htcred electrolysis gases evolved from the 
10 potassium electrolytic cell. 

QElAllfP DE SCRIPTION Of THE PRESENT! Y PR£F f 6B£Q.£TJ&Qj>Jm^ 

THFORY 

1 5 Below ground 5fa_te" Transitions of Hydro gen Atnmq 

For the hydrogen atom, the radius of the 'ground state~ orbltsphere 
is Dq. This orbltsphere contains no photonic waves and the centripetal 

force and the electric force balance is 

m e v,2 e 2 



30 



a 



~? (33) 

20 where v t is the velocity of the electron In the "ground state*, and m e is 
the electron mass. It was shown in the Excited States of the One 
Electron Atom (Quantization) Section of Unification of Soa cetime \X\z 

or -arvrt Cr\Arr»i > m; i l^- r» *r^^i — - _ 

' — ■ — — — * • . v — v^a jLi- ""a, tv, • c^#n rui ir«t.i> Kuun^umg company, 
Lancaster, PA, (1992) that the electron orbltsphere Is a resonator cavity 
25 which C3n trap electromagnetic radiation of discrete frequencies. The 
photon electric field functions are solutions of the LapJacian In 
spherical coordinates. The photons decrease the nuclear charge to l/n 
and increase the radius of the orbltsphere to na 0 The new configuration 
is also in force balance 

mqv^ e?/n 



3S 



where v„ is the velocity in the nth excited state corresponding to radius 
'V K na 0 

For a spherical resonator cavity, me nonradiative boundary 
condition and the relationship between an allowed radius and the photon 
standing wave wavelength. Eo (?). gives rise to Eo (3). me boundary 
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condition for allowed radii and allowed electron wavelength-. as •, 
function of the parameter n Each value of n corresponds to an 3 »Wed 
transition effecled by a resonant photon wh.cr; excites the transition in 
the orbitsphere resonator cavity m addition to the tradit.onai mtco^r 

values (l. 2, 3 ), n values of fractions are allowed py Eo i3) which 

correspond to transitions with an increase in the nuclear charge and 
decrease in the radius of the orbitsphere. This occurs, for example 
when the orbitsphere couples to another resonator cavity which can 
absorb energy. This ts the absorption of an energy hole The absorpt ,on 
of an energy hole destroys the balance between the centrifugal force and 
the increased central electric force As a result, the electron undergoes 
a transition to a lower energy nonradlatlve state. 

For the He* Ion (2 = 2; a one-electron atom) an allowed state exists 
at 0.5 a D . it can be shown that if a -ground state" hydnaa£n_ aIfl0] em jt<- 3 
Photon of about 27.21 eV. the photonic wave in the orbitsphere creates 
an effective charge at the orbitsphere such that the electron experiences 
an effectfve charge of -2e, and establishes a new centripetal/electric 
equilibrium at r, /? - 0.5 a 0 . Thai is. the orbitsphere shrinks from r, - a 0 
to r, /2 « -|* 

20 v - 2kw2 2 x 2 e ? 

' 4"V./j " " 4*^a7 ~ = ' 4 x 27 1 78 ev ' " '06 7 ° ^ (35) 

The kinetic energy of the shrunken orbitsphere is - \ v. or T - 5435 
ev. The "ground state" hydrogen atom has a net energy of - 13 59 ev and 
the final hydrogen atom has a net energy of -5442 eV (same as He*) and 
<4E - -40.03 ev for the reaction 

?b H(Z «" = '; r ' = V - HCZeif - 2; 0,2-0.5 3.). ( 36 ) 

that is. about 27.21 ev is lost with the absorption of the energy hole and 
about M ev is given off after absorpt.on of the energy hole 

from energy conservat .on. the resonance energy hole of 3 hydrogen 



30 



atom which excites resonator modes of radial dimensions — p - is 

m • 1 0 

mx 27.2 eV. OV) 
where m » I, 2, 3, 4, . . 
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Af I er resonant absorpt ion of the hole, the radius of the orbitsphere, a 0> 
shrinks to — ~ ar.d after p cycles of resonant shrinkage, the radius 

is 



mp * l 

in other words, the radial "ground state" field can be considered as 
5 the superposition or Fourier components The removal or negative 
Fourier components of energy m x 27.2 eV. where m is an integer 
increases the positive electric field inside the spherical shell by m 
times the charge of a protoa The resultant electric field is a time 
harmonic solution of Laplace s equations in spherical coordinates. In 
io this case, the radius at which force balance and nonradJatlon are 

achieved is m # y where m is an integer. In decaying to this radius 



rrom the "ground state", a total energy of «m * - ]2) x 135 eV t 
released. The process is hereafter referred to as KECTER (Hydrogen 
Emission by Catalytic Ihermal Electronic Qe taxation). 



s 



mJIQV HO LES 

The same energy hole can continue the shrinkage cycle. In general, 
absorption of an energy hole will cause the or bit sphere to undergo a 
transition from one stable non-radiative radius to another stable non- 
20 radiative radius. The electric force is attractive, thus, the orbitsphere 
will shrink when the effective nuclear charge increases The orbitsphere 
has an initial radius, r ft , initial effective nuclear charge, Z e ff. and initial 
velocity, v n , given by the condition (or non-radiation 

2*<nr,) = nx l n - t, ~ , 5 , \ ¥ .... (38) 

25 v n - —5— (39) 

rn e na 0 

At force balance, 

h? _ Z efi e? 

m e (r„)3 * la^Cr*)* C40) 
Shrinkage occurs because the effective nuclear charge increases by an 
integer, m, wher. F.qs (56-40) are satisfied by the introduction of an 
30 energy sink of a couoled resonator, such as an electron orbitsphere 

resonator cavity comprising an electrochemical couple or other electron 
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transfer reaction The coupled resonator nrovdes energy holes and 
a'fects tne shrinkage tr/josi t icri from ihe 101 1 radius a 0 /(mp* u ana 3 



nuclear charge of imp ♦ J ) t».c second radius |— — ~ and a 

lm(p» 1 ) * 1 J 

nuclear charge of m(p» I) • I Energy conservation and M>e boundary 
5 concaion that trapped photons must be a solution to the laoiacian in 
spherical coordinates determine that the energy hole to cause a 
shrinkage is given by tq. (37). As a result of coupling, the hydrogen atom 
emits a photon of m x 27.21 ev, and this photon Is absorbed by the 
coupled resonator Stated another way, the hydrogen atom absorbs an 
tO energy hole of m x 27.21 ev. The energy hole absorption causes a second 
photon to be trapped in the hydrogen atom electron orbitsphere. Recall 
from the Excited States of the One Electron Atom (Quantization) Section 
of mils. P , Unifi cation of Soacetrrne. the Forces. Matter, and Energy 
Technomics Publishing Company, Lancaster, PA, <I992> that 
15 electromagnetic radiation of discrete energy can be trapped in a 

resonator cavity, as shown previously, the photonic equation must be a 
solution of the Laplacian in spherical coordinates. The photon field 
comprises an electric field which provides force balance and a 
nonradiative orbitsphere. The solution to this boundary value problem or 
20 the radial photon electric field is given by 

(.?0j i 



C'r photon n, I. m - ~ T7~ f -« ♦ n f Y™ (<fr,9) * Y™ s ] ] 



(41) 



For n - 2, 3. 4, ... 

I = 1, 2, .., n - I 
25 m * - Jt f -1*1, .... 0. .... *Jt 

And. the quantum numbers of the electron are n, i, m (m^), and m s . 

it is apparent from this equation that given an initial r3dius of 

[u^TT) ] an(J 3 nnar r3<J1u * 01 [m7^n~T~r] lnal { ^ ™clear charge 

is increased by rn with the absorption of an energy hole of m x 27.2 eV. 
3D Tne potential energy decreases by this energy; thus, energy is conserved. 
However, the force balance eauation is not initially satisfied as the 
eflective nuclear charge increases by m Further energy is emitted ts 
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force balance is achieved at the I mat r actus Oy replacing the initial 
radius wit* tr.e linal radius, and by increasing the charge by m in Eq 
MO) 

_" 

force balance is achieved and the ortn: sphere is non-radtative. The 
energy balance for m - I is as follows An initial energy of 27.21 eV is 
emitted as the energy note absorption event. This increases the 
effective nuclear charge by one and decreases the potential by 27.21 eV 
More energy is emitted until the total energy released fs Hp ♦ |)2 , p 2) x 
13.6 eV where p Is an Integer 

Several examples of different energy holes effecting shrinkage and 
the corresponding effective nuclear charges, total energy released, and 
final radii of the orbUspheres going from infinity to the final radius, 
3</(m ♦ t) are given In the following table. 

Radii, energies, energy holes, and energy released ror several states of 
hydrogen. 



20 



25 



30 



m 


R 


V(eV) 


T(eV) 


Zeff 


energy 

hole 
(eV) 


total energy 
released (ev) 
r = «x> to r c fi 






-27 2 


13.6 


I 




13.6 


i 


a 0 /2 


-108 8 


54.-1 


? 


272 


54.4 


2 




-O/iA o 




~r 




1 £d. 4 


3 


• 


-/ 




-435.4 


217,7 


4 


01.6 


217.7 


A 


a 0 /5 


-600.2 


340.1 


5 


108.0 


340.1 


5 


So/6 


-979.6 


-189.6 


6 


136. 1 


489.6 


6 


a 0 /7 


1333.3 


666.4 


7 


163.3 


666.4 


7 


3o/8 




870.4 


6 


190.5 


870.4 


0 




-220 AO 


1 101.6 


9 


217.7 


t 101.6 


o 




-2721.0 


1360.5 


10 


244.9 


1360.5 



<"> to R) 



to R) - A£ initial 



WO SM/29TO 



1'CT/US9'J/02Z19 



19 

CAJALYTJC £NLP GY nOll STRUCTURES 'Oft ATOMS 

Sin gle E.Jjgcjr on Transfo r 

An energy hole is bro*- i<frd by the transfer of ar elect ror, between 
5 participating species including atoms, ions, molecules, and ionic and 
molecular compounds. In one embodiment, the energy hole comprises the 
transfer or an electron from one species to another species whereby the 
sum of the ionization energy of the electron donating species minus the 
Ionization energy or electron affinity of the electron accepting species 
10 equals approximately m X 27.21 eV where m is an integer. 

Single Electron Tran sfer (Two Soecies) 

An efficient catalytic system that hinges on the coupling of three 
resonator cavities involves potassium. For example, the second 
15 ionization energy of potassium is 31.63 eV. This energy hole >s 

obviously too high for resonant absorption. However, K* releases 4.34 
eV when it is reduced to K. The combination of K* to k2* and K* to K„ 
then, has a net energy change of 27.70 eV; m - J in lq. (37). 

27.28eV * K* ♦ K* ♦ ll[^ j- K -» K^* * ]* «P* >> ? - P 2 ) x !3.6eV 

20 (43) 

K ♦ K?* - K* * K* * 27.20 ev (44) 
And, the overall reaction is 

1p* ] ~~ *{<p"^7> ] * [(p 4 ] >? * p2j x 1 36 e v (45) 

Note that the energy given off as the atom shrinks is much greater than 
25 the energy lost to the energy hole. And, the energy released is large 

compared to conventional chemical reactions. 

For sodium or sodium ions no electrocatalyt ic reaction of 

approximately 27.21 eV is possible for example, 42.15 eV of energy is 

absorbed by the reverse of the reaction grven in Eq. (44) where Na* 
30 replaces K* 

Na- • Na 4 • 42. 15 ev — Na • Na?* (46) 
Other less efficient catalytic systems that hinge on the coupling of 
three resonator cavities exist For example, the third ionization energy 
of palladium is 32 93 eV This energy hole »s obviously too high for 
35 resonant absorption However, ti* releases 5.392 ev when it is reduced 
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to li The combination or Pd ?t to Pd** and IT to u, then, has a net 
energy change of 2754 ev 

(47) 

5 H ■ P(j3- - Li* • PO 2 * * 2754eV (4ft) 
And, (ne overall reaction is 

H [p* ] ~* h {(P^"T) ] * Kp* I) 2 -p 2 )x 13.6ev (49) 

Single Electron Transfer (One Spe cies) 

10 An energy hole Is provided by (he ionization of an electron from a 

participating species including an atom, an Ion, a molecule, and an ionic 
or molecular compound to a vacuum energy level, in one embodiment, the 
energy hole comprises the ionization of an electron from one species to a 
vacuum energy level whereby the ionization energy of the electron 

15 donating species equals approximately m X 27.21 ev where m is an 
Integer. 

Titanium is one of the catalysts that can cause resonant shrinkage 
because the third ionization energy Is 27.49 eV, m » I In Eg (37). Thus, 
the shrinkage cascade for the p th cycle is represented by 

20 ?7 .191 ev * Ti 2 ' * ]^ Ti 5 * ♦ e* * ^~ ( yT~7j ] * Hp * O 2 - *> 2 ) x 13.6 eV 

(50) 

7j3~ ♦ e _ jj2 ? ♦ 27.491 eV (Si) 

And, the overall reaction is 

4? ] ~ 4<p"^~fi ] * ,(p * ))2 - p2Jx ,X6eV (5?) 

25 Rubidium(l) Is also a catalyst. The second ionization energy is 

27.28 eV 

27 76 ev. nt>* ♦ »|29 J _ # e - # ,£_ffi_ j • ((p , i >? - p 2 ) x j 3 6 ev (53) 

Rt >?* « e" - Rb* • 27.28 ev (54) 
And. the overall reaction is 

30 ?h|~ ] - ?h[~ ^ n ] - I(p • l>? -p 2 ) x 13.6 eV (55) 
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Other single electron transfer reactions to provide enc-rqy holes c r 
approximately m X 27.21 ev wnere m is an integer appear ir. my previous 
US Patent Applications eril lllctf Tnergy/ Matter Conversion Methods and 
Structures/ 1 ii*<j on DeeerftDC-r 12. 1990 and April ?6. 1 989. which ar? 
5 incorporated herein by reference 

ttuJljflje ..Elec tron Ira n£fer 

An energy hole is provided by the transfer of multiple electrons 
between participating species Including atoms, ions, molecules, and 
ionic and molecular compounds. In one embodiment, the energy hole 
comprises the transfer of t electrons from one or more species to one or 
more species whereby the sum of the ionization energies and/or electron 
affinities of the electron donating species minus the sum of the 
ionization energies and/or electron affinities of the electron acceptor 
species equals approximately m X 27.21 ev where m and t are integers 
An energy hole is provided by the transfer of multiple electrons 
between participating species including atoms, ions, molecules, and 
ionic and molecular compounds, in one embodiment, the energy hole 
comprises the transfer of t electrons from one species to another 
whereby the t consecutive electron affinities and/or Ionization energies 
of the electron donating species minus the t consecutive ionization 
energies and/or electron affinities of the electron acceptor equals 
approximately m X 27.21 eV where m and t are integers 

in a preferred CniuOdirnent ine electron acceptor species is an 
25 oxide such as MnO x , A10*, SiO x . A preferred molecular electron acceptor 
is oxygen, O2 
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Two Electron Tr ansferor- S pr-riP*;) 

in an embodiment, a catalytic system that provides an energy hole 
hinges on the ionization of two electrons from an atom, ion, or molecule 
to a vacuum energy level such that the sum of two ionization energies is 
approximately 2^ 2> eV ?i nc is one of the catalysts that can cause 
resonant shrinkage because the sum of the first and second ionization 
energies is 27 350 ev, m - 1 in Eo <37>. Thus, the shrinkage cascade for 
35 the p th cycle is represented by 
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?7.35* cv . a, . h[& ?0 2< . ?e - . h[ (7 -^ ■- ] . Up . ■ P 2, , l36w 

Zn2* * 2c - Zn • 27356 eV ( .- 7 , 
And, the overall reaction is 

Catalytic systems that hinge on the transfer of two electrons from 
an atom to a vacuum energy level capable of producing energy holes for 
shrinking hydrogen atoms are given In the following table. The sum of the 
first Ionization energy, lEi, plus the second ionization energy, ie 2 , 
equals approximately 27.21 eV. As an example. 2n ♦ 27.356 ev * 7 n 2 : , 
2c- where IE i * IE? equals 27 358 eV. 



Catalytic 


lEi 


IE 2 


Energy Hole 


Atom 








Be 


9.32 


18.21 ) 


27.53 


15 Cu 


7.726 


20.292 


28.0 


Zn 


9,394 


17.961 


27.358 


Pd 


8.3-1 


r 9.-43 


27.77 


Te 


9.009 


18.6 


27.609 


Pt 


9.0 


18.563 


27.563 



Two flee t ron Transfer( T wo Species) 



, — v.Mwvwmicm, o coioiyiit dybicm ui3t provioes an energy 
hole hinges on the transfer of two electrons from an atom, ion. or 
molecule to another atom or molecule such that the sum of two 
25 ionization energies minus the sum of two electron affinities of the 
participating atoms, ions. 3nd/or molecules is approximately 27.21 eV. 
a catalytic system that hinges on the transfer of two electrons from an 
atom to a molecule involves palladium and oxygen. For example, the first 
and second ionization energies of palladium are 8.34 eV and 19.43 ev\ 
respectively. And, the first and second electron affinities of the oxygen 
molecule are 0.45 eV and Oil eV. respectively. The energy nole 
resulting from a two electron transfer is appropriate for resonant 
absorption. The combination ol Pd to Pd?* and 0 ? to 0 7 2 \ then, has a 
net energy change of 27.21 eV. 
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Pd?-. c :- ... p (59) 
S And. the overall react .on. * 60) 

* l(p * l) ? -p7j x 136CV , c ,, 

Catalytic systems which could he substituted tor Pa in Eos (so fin » 

hinge or> the* tn^/n r ^ f V . > tQS ( ->9 6l) that 
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Catalytic 
Atom 




l£ 2 


Energy Hole 


Cu 

As 

Pd 

Te 

Cs 

Pt 


7.726 

9.81 

8.34 

9.0O9 

3094 

9.00 


20.292 
10.633 
19.43 

\^ 

25. 10 
18.563 


27.46 

27.88 

27.2! 

27.05 

28.43 

2700 
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electron -riu.,,,"^^- "* i0n * 3 " On ^ " «* 
approx^a.e.y ?7 ? v t , ' '° nS - a " < " 0r m ° ,eCu,t>s ' s 

or two e ,ec«ron S rrl! , IW ^ « <™S>er 

example InT™ Z *° *° ^ * en0n 3n<J "™«"- For 

ev.re5PM.vHy And. the f.rs, .on^t.on enerq-, and the r ir,, 
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electron affinity of lithium ao 5.39 and 0 02 ev, respect ively The 
energy hole result >ng from a two electron transfer if, appropriate for 
resonant absorption. The combination of Xe to Xe ? * and Li* to Li", then.. 

has a net energy Change of 71 33 ev 
5 ?7 33e\'« xe * t V ♦ if[^ ]-xe 2 * • U" * ^f^TTj J 4 Kp * >> ? V)x 13 6 

ev' 

(6?) 

Xe?* * ir - Xe ♦ Lr * 27.33 eV (63) 
And, the overall reaction is 

10 lj^ J h| (p ~ ] - ((p * I)? -p?) x 13.6 eV (64) 

Catalytic systems that hinge on the transfer of two electrons from an 
atom or Ion to an Ion capable of producing energy holes for shrinking 
hydrogen atoms are given in the following table. The sum of an 
Ionization energy, JE n , plus the next consecutive ionization energy, lt 0 ^ 1, 
15 of the electron donating atom or ion minus the sum of the first 

ionization energy. If 1, and the electron affinity, EA, of the electron 





accepting 


ion eQuais approximately 27.21 eV. 










Catalytic 


Energy 


fEn+ » 


Catalytic 


IE1 


EA 




20 


Donating 


Hole 




Accepting 










Atom or Ion 




ion 












8.30 


25.15 


ir 


5.39 


0.62 


27.44 




S 


10.36 


23.33 


ir 


5.39 


0.62 


27.63 


25 


Or 


\ 1.81 


21.80 


Li" 


5.39 


0.62 


27.60 




PnV 


10.90 


22.30 


Li* 


5.39 


0.62 


27.19 




Sm* 


1 I 07 


23.40 


Li* 


5 39 


0.62 


28.46 




Tt>* 


1 1.52 


21.91 


Li* 


5.39 


0.62 


27.42 




Dy* 


1 1 67 


2260 


ir 


5.39 


0.62 


28.46 


30 


5p* 


16.53 


25.30 


H* 


13.60 


0 75 


27 40 




61' 


16 69 


2556 


H 4 


13.60 


0.75 


27 90 



Two Elect ron Tra osfe r(Two Species) 

In another embodiment, a catalytic system that provides an energy 
35 hole ntnoes on the transfer of two electrons from an atom, ion. or 
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molecule to another atom, ion, or molecule such that the- sum of two 
ionization energies minus the sum of two ionization rntrgies of trie 
participating atoms 3no7o- molecules is approximately 27.21 ev. a 
catalytic system that hinc*> on the transfer of two electrons from a 
5 first ion to a second ion involves silver( Ag* ) and silver (An/*). For 
example, the second and u.ud ionization energies of silver are ?l 49 ev 
and 3483 eV, respectively And, the second and first ionization energies 
of silver are 21 49 eV ano* 758 ev, respectively. The energy hole 
resulting from a two electron transfer is appropriate for resonant 
10 absorption. The combination of Ag* to Ag 5 * and Ag?* to Ag, then, has a 
net energy change of 27.25 eV. 

27.25 eV * Aq* * N?* ♦ ^ ]- Aq3* . Aq»h[ (p ^ )} ]. |(p . 1)2- p?)* j 3 6 
ev 

(65) 

15 Ag* 4 * Ag - Ag 4 - Ag2' + 27.25 eV (66) 

And, the overall reaction is 

*{p] ~ h {(P^"n] # Kp* l)*S>2)x !3.6eV (67) 

Catalytic systems that hinge on the transfer of two electrons from an 
atom, or ion to an Ion capable of producing energy holes for shrinking 
20 hydrogen atoms are given in the following table. The sum of an 

ionization energy, lE n , plus the next consecutive ionization energy, lE n * I, 
of the electron donating atom or ion minus tne sum of an ionization 
energy, iE m + j, plus the next consecutive lower ionization energy, IE m , of 
the electron accepting ion equals approximately 27.21 eV. 

25 
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Catalytic IE n 




Catalytic 


IEm* 1 


IEm 


Energy 


Donating 




Accepting 






Hole 


Atom 






Ion 










or Jon 
















He 0* 


24.59 


54 42 


Co 


3* 


33.50 


17 06 


78 44 


He 0* 


2459 


54.42 


6a 


3* 


30.71 


20.51 


27.78 


Li 0* 


5 39 


75 64 


Mi 


3* 


35 17 


18.17 


27 69 


U 0* 


5 39 


75 64 


xe 




32.10 


21.21 


27.72 


Li O- 


5.39 


75 64 


Hg 




34.20 


18.76 


28.07 


li !♦ 


75 64 


122 45 


Na 


4* 


98.91 


71 64 


27.54 


Li I- 


75 64 


122 45 


Y 


6- 


93.00 


77 00 


78.09 
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Be 1* 


182» 


153.89 


Br 


6* 


88.30 


56.00 


27.00 




Be 2* 


153 69 


217.71 


A J 


6- 


190 47 


153 71 


27 43 




6 


J ♦ 


25.15 


3793 


c 


2- 


24 30 


1 1.26 


27 44 




6 


1 * 


25.15 


37.93 


i: 




3 1 63 


A 34 


27.12 


5 


E 


1 4 


25 15 


3 7 93 


Ho 


3- 


22 84 


1 1.80 


28 44 




e- 




25.15 


37.93 


Er 


3- 


22 74 


1 1.93 


28 4 1 




6 


1 « 


25.15 


37.93 


Trr 


i 3* 


23 66 


12.05 


27 35 




B 


| « 


25. 1 5 


37.93 


Lu 


3* 


20 96 


I 3 90 


7 A 77 
zu.z z 




C 




2438 


47 89 


N 


2* 


29 60 


1 4 SI 


7A 1 yl 
ZO. I •'i 


10 


c 


J 


24 38 


47 89 


v 




7Q 1 1 




OR "7 1 
/O.J 1 




c 


) 4 


2438 


47 AO 


Tr 




z ^7.0*4 


1 S OA 
1 ZO 


27.47 




c 


1 ♦ 




47 RQ 


Mil 


*t ♦ 
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Three E le ctron TransferQwo S oe cles) 

15 In another embodiment, a catalytic system that provides an energy 

hole hinges on the transfer of three electrons from an ion to another ion 
such that the sum of the electron affinity and two ionization energies of 
the first ion minus the sum of three ionization energies of the second ion 
is Is approximately 27.21 eV. A catalytic system that hinges on the 

20 transfer of three electrons from an ion to a second ion involves LI" and 
Cr 3 *. For example, the electron affinity, first ionization energy, and 
second ionization energy of lithium are 0.62 eV, 5 392 eV, and 75.638 eV, 
respectively. And, the third, second, and first ionization energies of 
Cr 2 * are 30.96 eV, io.50 ev. and 6.766 cv, respectively. The energy hole 

25 resulting from a three electron transfer is appropriate for resonant 

absorption. The combination of IT to Li ? * and Cr 3 * to Cr, then, has a net 
energy change of 27.42 eV. 

27.1? C V- Li" • Cr 5 * * \^ J - L» 2 * « Cr ♦ ^jf~^~) ] 4 Kp * D 2 - P 2 J * 13.6 
eV 

30 (68) 

Li ? * • Cr - Lr - Cr 3 * ♦ 27 42 eV (69) 
And, the overall reaction is 

H [p^ ] »"{^~ S— i"> ] * ,(D * I ft *D 2 I x 136 eV (70) 
35 Three El ectron 7 rangier (7 wo Species) 
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Ration of Ag to Ag3- 3n(J C e*- to Ce> ^ ^ , ^ ^ ^ 

27 3a C V • Ag . , £ J _ ^ . , . , T_3__ J . [t o 



a 9 3* ♦ Ce - Ag . Ce** ♦ 2730 eV 
And, the overall reaction is 

20 *{p ] " *{(tr?T) ] * l(p * l )2 ~p2) x , 3 6 ev 
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(72) 

(73) 

Catalytic systems that hinge on the tranter or three electrons from an 

<uom, or ion to an ion cgnghio nf nr n /i.„i„- . . 

hvr1 _.„„„ „ '" " t " t ' yx »or snrmning 

bydrogen atoms are given in the following table The sum of three 
consecutive Ionization energies, .E„ . »£„. , • , £n , 2 . of tne e)ectrof) 
donating species. 05. minus three consecutive ionization energies IE m . ? 

'Em- , - IE*, of the electron accept inq species. AS eguals 
approximately 27.21 eV. 
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APJB1I1QNAL CATALYTIC ENERGY HOL E STRUCTURES 

20 Single Electron Transfer 

In a further embodiment, an energy hole of energy equal to the total 
energy released for a below 'ground state" electronic transition or the 
hvdrooen atom is nrovidorf r>v rhp trxn^tor r\f an o)ortr/irt hotu^nn 

participating species including atoms, rons, molecules, and ionic and 

25 molecular compounds In one embodiment, the energy hole comprises the 

transfer of an electron from one species to another species whereby the 

sum of the ionization energy of the electron donating species minus the 

ionization energy or electron affinity of the electron accepting species 

rn 

equals approximately — 27.21 ev, where m is an integer. 

30 For m - 3 corresponding to the n = I to n « 1/2 transition, an 

efficient catalytic system that mnges on the coupling of three resonator 
cavities involves arsenic and calcium Tor example, the Ihiru ionization 
energy of calcium is 50 908 ev This energy hole is obviously too high 
for resonant absorption However, As(D releases 9 81 eV when it is 
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reduced to as The combination of Co*- loCaS' 3n(J As * |0 As 

* net energy change of A\ I ev ' * 



41. 1 ev 
ev 



(7/1) 
(75) 



10 



As - Ca*- as- * Ca?* - 41.1 ev 
Ana, the overall reaction is 

1o B ] "* r fc"^T)] * Kp« ')2-p2Ul3.6eV (76) 
Catalytic systems that hinge on the transfer of an electron from an atom 
or ion to another atom or ion capable of producing energy holes of - 
approximately 40 8 eV corresponding In energy to the n ■ » to the n - ./? 
electronic transition of hyorogen are given In the following table 7 he 
»on«at«on energy of the electron donor. IE„. minus the ionization enerqy 
of the electron acceptor. «f m . equal approximately 40 8 ev 

15 Catalytic ir„ r . . 

Y ,Ln Catalytic IE m Energy 

0ona,,n 9 Accepting 

Atom or lon Atom or Ion 

^ 47206 6.54 40.75 

50.908 Se« 07s? ,a 



Hole 



Mo 3 

6e 5 ' 



45.72 K* 434l 

464 Li< 5.392 



41.00 
m i . 3 7 



25 



30 



£MUPj£jJgctro n Transfer 

An energy hole is provided by the transfer of multiple electrons 
between participating species including atoms, ions, molecu.es and 
•ornc and molecular compounds. In one embodiment, the energy hole 
comprises the transfer of t electrons from one or more species to one or 
more spec.es whereby the sum of .he iomzation energies and/or e.ec.ron 
amn.t.es of the electron donating species m.nus the sum of the 
-on.zat.on energies and/or electron affinities of the electron acceptor 
soec.es equats approximately f 27 2 . ev where.m and I are integers 
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M,M6Jxm^QL2m^M2M.^l^M wprohs-typf rrnrcULES and 
tlQLtCULABJONS 

Two nydrcger, ale fee-:; U form a diatomic rnokcu* the 
hydrogen molecule 

2H W ~ H 2 [2c - V? a 0 J (77) 

wnere 2c" is the internuciear distance. Also, two hydrino atoms react to 
lorm a diatomic molecule. 3 dihydrino molecule 

where p is an integer. 

Hydrogen molecules form hydrogen molecular ions when they are 
singly Ionized. 

H 2 [2c - >/2 a 0 ] - H 2 [2C - 2a D J* - e- (79) 

Also, dihydrino molecules form dihydrino molecular ions when they 
are singly ionized. 

h^.&a], H>5 | !c . . a, ]• . c . (eo) 

Ihe Hyorpgen^Type M olecular ions 

Each hydrogen- type molecular ion comprises two protons and an 
electron where the equation of motion of the electron is determined by 
20 it* central i.eio wmch is p times thai of a proton at each focus (p is 01 
for the hydrogen molecular ion, and p Is an integer greater than one for 
each dihydrino molecular ion). The differential equations of motion in 
the case of a central field are 

m(r - rb ? ) = f(r) (0() 

25 m(2r6 • rt) ) = 0 (82 ) 

The second or transverse equation, Eq. (82). gives the result that the 
angular momentum Is constant 

r2o = constant = tym (03) 
where t is the angular momentum < h in the case of the electron) The 
30 central t C rce equal ions can be transformed into an urpitai equation by 
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the substitution, u = - ir.e Oir f erent tal couationof the ornn of 



particle moving under e central force is 

Because the angular momentum >j> constant, motion in only one plane 
5 need be considered, thus, the orbital equation is given in polar 
coordinates. The solution of Eq. (04) for 3n inverse square force 



k 

fCD - - — 



(85) 



is 



J ♦ e 

fri — 
m ^" 

r ° c ic < "iT7) (00) 

where e 1s the eccentricity of the ellipse and A is a constant. The 
equation of motion due to a central force can also be expressed in terms 
of the energies of the orbit The square of the speed in pol3r coordinates 
lf> is 

Since a central force is conservative, the total energy, E, is equ3l To the 
sum of the kinetic, T, and the potential, v, and is constant Ihe total 
energy is 

70 J~ m <r? • r 262 ) ♦ v<r) ~ E = constant (90) 

Substitution of the variable u = ~ andEo. (03) into Eq (90) gives the 
orbital energy equation 

» t ? , 6 2 u 0 t 

T ( oo? ? ' u 1 * Wu ~ * = E ( 9 n 

Because the potential energy function V(r) for an inverse square force 
field is 
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r Kj (9?) 
Ihe energy equation of the orbn. Eq (91). 

f I- 6?u 

5" m ^T« u? I ' ktf * E (93) 



m 

which h t ><\ me solution 



m— : r~k - 1 



20 



|_2 — * (9*1) 
? • |1 ♦ 2Emr-r-k-2 J i/? cos6 

where the eccentricity, e, is 

e - ft • 2ftrr^*-2 1 «* (95) 

Eq. (95) permits the classification or the orbits according to the total 
energy, f, as follows: 

* 

• e ( 1 closed orbits (ellipse or circle) 

C " O, e = I 

r „ parabolic orbit 

t > 0. e > I 

e. _ ' hyperbolic orbit 

Mnce E - i ♦ V and is constant, the closed orbits are those for which 
7 < IVI. and the open orbits are those for which T i IV|. it can be shown 
that the time average of the kinetic energy. < T >. for elliptic motion in 
an inverse square field Is 1/2 that of the lime average of the potential 
energy. < v >. c T > = 1/2 < V > 

As ofimwisiraled in tne One Electron Atom Section of The 
MiUltaljaP_£LSeace»lme, the f orce s Mat ter an/i tw^ Mills R 
Technomics Publishing Company, Lancaster, PA. (1992). the electric 
inverse square force is conservative; thus, the angular momentum of the 
electron, fi. and the energy of atomic orbftspheres is constant In 
addition, the orbit spheres- are nonradiative when the boundary condition 
is met. 
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The central force equation. Eo (90). has orbital solutions which are 
circular, elliptic, parabolic, or hyperbolic The former two types or 
solut.ons are associated witn atomic and molecular orbitals These 
solutions are nonradiai.ve Ihe boundary condition for nonrad.ation 
given in the One Electron Atom Section of IheJMMcalion of SnareMm. 

^Cr^^^^oSD:^. Mills. R. Technomics Publishing Com^Ty 
Lancaster. Pa. (,oo;m 1S , np ob , cf)f< , 0 , cornoc . oen( , 0( ^ SD3reM , m „ 
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Fourier transform of the charge density function synchronous with 
waves tr avehng at the speed of light The boundary condition is met 
when the velocity (or e yftry point on the orb it sphere is 

. (96) 
m c r n 

The allowed velocities and anyuUr frequencies are related to r n by 

v n = r n o3n (97) 
h 



400 = nW 



(9G) 



As demonstrated in the One Electron Atom Section and by and Eg. (8.17) 
of The Unification ot S n acetiroe. the Forces. Matter, and Ener gy. Mills, R., 
10 Technomics Publishing Company, Lancaster, PA, (1992), this condition is 
met for the product function of a radial Dirac delta function and a time 
harmonic function where the angular frequency, <*>, is constant and given 
by £q. (98). 

*l 

-A <*» 
1 5 where t is the angular momentum and A Is the area of the closed 
geodesic orDH. Consider the solution of the central force equation 
comprising the product of a two dimensional ellipsoid and a time 
harmonic function. The spatial part of the product function fs the 
convolution of a radial Dirac delta function with the equation of an 
20 ellipsoid. The Fourier :rsr.src~ o' the convoiutiori two functions is 
the product of the individual Fourier transforms of the functions; thus, 
the boundary condition is met for an ellipsoidal-time harmonic function 
when 

ah h 

<* = m^ *m^B (,00) 
25 where the area of an ellipse is 

A * nab (101) 
where ?b is the length or the semimmor axis and 2a is the length of the 
semtmajor axis Tne geometry oi molecular hydrogen is elliptic with the 
internuclear axis as the principle axis, thus, the electron orbital is a 
50 two dimensional ellipsoidal- nme harmonic function. The mass follows 
ceodestcs time harmonically as determined by the central field of the 
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protons at the foo Rotational symmetry about the internuclear axis 
lurlher determines that the orbital is a prolate spheroid In general 
ellipsoidal orbits or molecular bonding, hereafter referred to as 
ellipsoidal molecular oriitals CM 0. *s), have the oenerai equation 



X? j2 

+ - — » # ■■■■ _ 



10 



15 



a 2 ' b? c? 77 1 M02) 
The semipnnciple axes of the ellipsoid are a, b, c. 
in ellipsoidal coordinates the laplacian is 

< n • C*£r { ») . « . OR^r,*) -ii- oN^f^ . o ( ,03) 

An ellipsoidal M 0. is equivalent lo a charged conductor whose surface is 
given by Eg. ( 102). It carries a local charge o. and it s potential is a • 
solution of the Laplacian in ellipsoidal coordinates. Eg. (103). 

Excited states of ortitspheres are discussed in the Excited States 
of the One Electron Atom (Quantization) Section of The Unified ignnr " 
Sj^ejjm^ the Forces Matter ^ f i^r^, rinis. R. Technomics 
Publishing Company, Lancaster, PA. (199?). In the case of ellipsoidal M 
0. s. excited electronic states are created when photons of discrete 
frequencies are trapped in the ellipsoidal resonator cavity 0 r the M o 
The photon changes the effective charge at the li. 0 surface where the 
central field is ellipsoidal and arises from the protons and the effective 
charge of the trapped photon at the foci of the n 0 force balance is 
achieved at a series of ellipsoidal equipolent.al two dimensional 
surfaces confocai with me ground state ellipsoid The trapped photons 
are solutions of the Laplacian in ellipsoidal coordinates, Eq. (103) 

as Is the case with the ortltsphere, higher and lower energy states 
are equally valid. The photon standing wave in both cases is a solution 
of the Laplacian in ellipsoidal coordinates For an ellipsoidal resonator 
cavity, the relationship between an allowed circumference. 4a£ and the 
Photon standing wavelength, a. is 

Tr» - (104) 
->u where n is an inieger an d where 

. VI? - b? 

k * 

a (105) 
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is used in the elliptic Titegral t ol Eq. ( 104) Applying Eos. < 104) and 
UOS) r the relationship between an allowed angular frequency given oy 
Eq (100) and the- photon standing wave angular frequency, u> is: 

3i h ft h J_ 

f> where n - I, 2. 3. A. 

± 1 1 

n = 2 ' 3 • 4 - 

qi is the allowed angular frequency for n =■ 1 

a> and bj are the allowed semimajor and semiminor axes for n = i 

10 Let us compute the potential of an ellipsoidal M. 0. which is 

equivalent to a charged conductor whose surface is given by Eq. < 102). It 
carries a total charge q, and we assume initially that there is no 
external ffeld We wish lo know the potential, 4>, and the distribution of 
charge, o. over the conducting surface. To solve this problem a potential 

15 function must be found which satisfies Cq. (103), which is regular at 
infinity, and which is constant over the given eljipsoid. Now I is the 
parameter of a family of ellipsoids all confocal with ihe standard 
surface £ = 0 whose axes have the specified values a. b, c The variables 
C and n are the parameters of confocal hyperbololds and as such serve to 

20 measure position on any ellipsoid £ * constant. On the surface (=0; 
therefore, <J>must be Independent of £ and n if we can find a function 

(lPOf»r>r1inn nr>l*/ Ar» f v»/M*-k «■•>♦ •«•'!?<; Fn ' Ifil^ ^r.rf ^rl.n«."s r>rr>r»**flv a? 

infinity, It can be adjusted to represent the potential correctly at any 
point outside the ellipsoid ( - 0 
25 Let us assume, then, that tyitV- The Laplacian reduces to 

f> &J> / -~ 

~ <Rt~) = 0 V<t * a 2 > <t * b 2 > (£ * c?) (J07) 

which on integration leads lo 




(100) 



where Ci is an arbitrary constant. The choice of the upper limit is Such 
30 as to ensure the proper oehavior at infinity When { becomes very large. 
U t approaches and 
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2C. i 

On the other hand, the equation of an ellipsoid can he written in the form 

X? y2 _ J? 

a'? ' * b 2 c 2~ r { ' ' 10) 

I •— I ♦ — j 

* t t 

If r ? • x 2 • y 2 . 2 ? j 5 the (Jislan ce from the origin to any point on the 
5 ellipsoid C. it is apparent that as £ becomes very large £ - and hence 
at great distances from the origin 

* r (111) 
The solution Eq (108) is. therefore, regular at infinity. Moreover Eq 
(H I) enables us to determine at once the value of c }; for it has been 
10 shown that whatever the distribution, the dominant term of the 
expansion at remote points is the potential of a point charge at the 
origin equal to the total charge of the distribution - in this case q. 
Hence C| = and the potential at any point is 



oo 

<K£) = r E 



15 



Bmcv J R t O 12) 

The equipotential surfaces are the ellipsoids £ - constant. Eq. (1 12) is a 
elliptic Integral and its values have been tabulated (See for example 
Jahnke-Emde, Iamesj>LFjuDiIliflD^ 2nd ed., Teubner, ( 1933)) 

To obtain the normal derivative we must remember that distance 
along a curvilinear coordinate u« is measured not by du' but by h|du« in 
20 ellipsoidal coordinates 



1 



V C £ - n )< £ - O 



ft| "2 W c (113) 



60 " h »«^«W( c . n)( 1 : 0 OM) 

The density of charge^, over the surface { ■ 0 is 



0 " Mr") 



Defining x. y> 2 , n terms of £. n . C we put £ = 0. it may be easily venf ied 
that 7 



WO £4/29873 



l"CTAIS94/0Z2i9 



55 

■ 

x? y? t,n 

Consequently, tty; charge density in rectangular coordinates is 

_ <L_ 1 

H2 -2f > 

(The mass density funcUonof an M. a is equivalent to its charge uensiiy 
5 function where m replaces q of Eq. ( * 17 » The equation of the plane 
tangent lo the ellipsoid at the point xo, yo> zo is 

x O v o 2 0 

where X, Y, Z are running co-ordinates in the plane. After dividing 
through by the square root of the sum of the squares of the coefficients 
10 or X, Y, and 2, the right member is the distance D from the origin to the 
tangent plane. That is, 



D - — i — 



7!? 

) 



(119) 



C 4 



so that 

o- — ™0 ( l?0) 

4jrabc 

15 In other words, the surface density at any point on a charged ellipsoidal 
conductor is proportional to the perpendicular distance from the center 
of the ellipsoid to the plane tangent to the ellipsoid at the point. Ihe 
charge is thus greater on trie more sharply rounded ends farther away 
from the origin. 

20 In the case of hydrogen-type molecules and molecular ions, 

rotational symmetry about the internuclear axis requires that two of the 
axes be equal Thus, the no is a spheroid, and Eq. (U2) can be 
integrated in terms of elementary functions. 
If a > b ■ c. the spheroid is prolate, and we fin d for the po tential 

l q ^J^^ a 2 * V a 7 - b 2 
25 * = n T ln 1 i ( *?D 



Spheroidal Force equations 
Electric Force 
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5 



The spheroidal no >s a two dimensional sur(ac<? ot oonsiam 
potential given fiy Eq f l?iifor o For an isolated electron n o (he 
electnc held inside is zero as given by Gauss* Law 

J £aA \.J C2 ? , 

where the charge density, p. ,ns»oe the n. o is 2 er C Gauss" Law at a , wo 
dimensional surface is 

"•te'-Wj (, 23 ) 
e? is the electric field tnside which is zero. The electric field of an 
ellipsoidal M. O. is given by substituting «, given by Eg. (1)4) and Eq (.1 15) 
10 into Eq. (123). 

c _ P d I 

t = — = 
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The electric field in spheroid coordinates is 

e-r-^-r- ' ■ ■ — - A / £-^_L 

6Tt Wt ♦ a2 t * b2 c V - n (,25) 

From Eqs. ( 106), the magnitude of the elliptic field corresponding 
to a peiow -ground state" hydrogen-type molecular ton is an integer The 
integer ,s one in the case of the hydrogen molecular ion and an integer 
greater than one in the case of each dlhydrino molecular ion The centra) 
electric force from the two protons, F e . is 

Fe . Zee . P?gL ' L_ ' A A 2 - I 

0fft «V ( ♦ a2 t * b2 c \J p . „ «126) 
where p is one for the hydrogen molecular ion, and p is an integer greater 
than one for each othydrino molecule and molecular ion. 

Centripetal Force 

Each infinitesimal point mass of the electron * 0. moves alonq a 
geodesic orp.t of a spheroidal M. O in such a way that Us eccentric 
^gle. 0. changes at a constant rate. That is 0 = w . at time l where „ is a 
const am, ano 

r(t) = iacos cot - jbsin tot {J?7) 
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is the parametric equation or the ellipse of the geodesic if a(t> denotes 
the acceleration vector, then 

in other words, the acceleration is centripetal as iri the case of circular 
motion Willi constant angular speed w The centripetal force. F c , is 

Fc = ma = -m^rtt) (129) 
Recall that nonradiation results when to = constant given Dy Eq. (106) 
Substitution of w given Dy Eq. ClOG) Into Fq. (129) gives 

10 where D is the distance from the origin to the tangent plane as given by 
If X is defined as follows 

Then, it follows from Eqs. U 14), (120). (12-1). ancf (126) that 
IS D = 2at>2x ( ,32) 

Force balance between the electric and centripetal forces is 

m G a^2 ^at) 2 X - — X ( l3 3) 
which h3s the parametric solution given by Eq. (127) when 



20 



Energies of Hydrogen-Type Molecular Ions 

From Eqs. (106), the magnitude of the elliptic field corresponding 
to a below ground state" hydrogen-type molecule is an integer, and the 
integer The potential energy, V e , of the electron ri. 0. In the field of 
25 magnitude p times thai of the protons at the foci (£ ■ 0) is 

-4pe ? , a ; V a? - p2 

v e - o r in . ■ (13S> 

8 *W a ? - t)2 a - V a? ~ b2 

where 
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2c- is the distar.ce between the foci which is the internudear distance 
The kinetic enerjy. 7. of the electron M. 0. is given by the integral of the 
left side of Eq (133) 

f= gfi? - ^ ^KZM 

m e a-sT & 2 - t»? a - t>? ( '" 7) 

From the orbital equations ir. polar coordinates. Eqs. (8660). the 
following relationship can be derived: 

I? 

m — — 

3 = 



k (I - q2) < J38) 

For any ellipse, 

b - aV i - e 2 

10 Thus. 




D * 3 V ka " <POlar coordinates) 



ka Looroinaies; (140) 



r5 



Using EQS. (130) and U37>, *nd (92) and ( 137), respectively, it can be 
appreciated that b of polar coordinates corresponds to c* =V^-~b2 of 



elliptic coordinates, and k of polar coordinates with one attracting focus 
»s replaced by 2k of elliptic coordinates wtth two attracting foci in 
elliptic coordinates, k 15 given by Eq (12-1) and (126) 

k - - 2pj?Z 

4nco HID 
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and l for the electron equ als n. thu s, in elliptic coordinates 



•V 



5g -v / aa o 



me^pa V 2p (,42) 



Substitution of a given by Eq. (134) intoEq (M2) is 



c . & 

P <M3) 



The mternudear distance from Fq U<5) is 2c* - — 
One naif the lengin of me semfminor axis of the prelate spherotoirt o. 



P 

tne length of tne semiminor axis iho n 

?5> b - C, IS 

b - Va? I c ? 



( M4) 
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Substitution of a = •— and c - into Eq is 



I' " — 3{: ( M5 > 



The eccentricity, e t is 



c* 

e= ~ <M6) 

2<*o <*o 

5 Substitution of a = and c* - — into Eq. (M6) is 

P P 

1 

e * j (M7) 

The potential energy, vp, due to proton-proton repulsion in the field of 
magnitude p times that of the protons at the foci ({ - 0) is 

pe^ 

Vp "^T7™ <M8) 

10 Substitution of a and b given by Eos. (I3<1) and ( M5), respectively, into 
Eqs (135), (137), and (1 48) is 

-4 P 2 e ? ^ 

V ^B^o (,50) 
2p 2 e? 

T - - F In 3 (151) 

15 ET^V e .V D .T (152) 

Et * 13.6 eV < -4p2)n3 * p? - 2p?ln3 ) (153) 
The bond dissociation energy, Eq, is the difference between the binding 
energy of the corresponding hydrogen atom or hydrmo atom and Ej. 

Ed = Eu{™ ]>-Et (154) 

20 vibration 

H can be shown that a perturbation of the orbit determined by an 
inverse square force results in simple harmonic oscillatory: motion of 
the oroit. Tor the case of a circular orbit of radius a. an approximation 
of the angular frequency of this oscillation is 

|~ f(a) • r(a> } 

25 <„ = \/ - *V m < l55} 
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Oscillating Charges radiate However, molecules and molecular ions 
including the hydrogen molecule, the hydrogen molecular ion d.hydrino 
molecules, and d.hyarino molecular ions demonstrate nonrad.ative zero 
order viprai.or, wh.ch is tmx harmonic. oscillation of the portion of .ne 
5 protons along the principle axis The protons are located at the too and 
ncnradfat.on if . due to the geomeiry of the ellipse where the electron m 
O. I5 ellipsoidal A fundamental property of an ellipse .s that a hght ray 
emitted from a focus In any direction is reflected off of the ellipse to 
the other focus, and the sum of the lengths of the ray paths Is constant. 

An oscillating charge r 0 (t) - d sin^t has a Fourier spectrum 
-.. / q<opd 

- 2 Jm( kC osO d)|6lu> - <m • I )<o 0 ] ♦ 6lw - (m - 1 )<*>]) ( 156) 
where J m - s are Bessel functions of order m. These Fourier components 
can. and do. acquire phase velocities that are equal to the velocity of 
'5 l.gnt. Consider two oscillating charges at the foci of an ellipsoidal 
resonator cavity, an ellipsoidal n O. A nonradiative standing 
electromagnetic wave can be excited which has higher order harmonics 
m addition to the fundamental frequency as given in Eq { 156) This 
nonrad.ative standing wave gives rise to zero order vibration of the 
20 molecule The zero order mode Is a standing wave with destructive 
interference of all harmonics of the fundamental frequency u» a ray 
undergoes a i 00 - phase shift upon reflection, and the protons oscillat, 
>n opposite relative directions Thus, mutual destructive interference 
occur s when x. the distance from one focus to the other for a ref lected 
ray is equal to a wavelength, x. where x is 

h 

A » 

mv (157) 

It follows that 

h n 

V = s 

im mx (150) 
For time harmonic motion, 

-50 w . v yn. Qiiinpf n 

^wapc - ^ ~ (J59) 
Tne kinetic energy/, T, is given by 

' * r mv? 

2 (160) 
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TtT «' ? ? m ^S2 l ^2 > ? ^;^ (l6l) 



30 



01 

The vibrational energy of tr, c protons, Ep^. is equal lo the maximum 
vibrational kinetic energy of the protons Substitution of Eqs ( 158) and 
U59) into Eq (160) and multiplication by two corresponding to the two 
protons is 

I h? j — _ r,2 
»^To CV 2 ) ? - 2 — 

The vibrational energy is the sum or the vibrational energy of the 
electron M 0 and that of the protons which are equal. 

4h£ 

E vib = mx? ( 162) 

where m is the sum oi the masses of the protons, each of mass rpp. 

m ^ m P (163) 
And, X Is 2a. Thus, the vibrational energy is 

tv, »~m p a? <>64> 
For a in units of a<>, 

^vib * ~ 2 eV (165) 
15 The time average Internuclear distance Is increased Dy the zero order 
vibration because the total energy verses internuclear distance function 
is asymmetrical with a lower slope for internuclear distances greater 
than the internuclear distance at which the total energy is a minimum. 
Elongation occurs along the principle ax1s r and shifts the the total 
energy vci ses iniernuciear distance {unction to a new function which 
includes the contribution due to vibration. The perturbation of Et. the 
total energy of then. O. given by Eq. (152) with a fractional increase in 
the semtmajor axis, a, and the reciprocal decrease in the semiminor 
axis, b is calculated by reiteration. The angular frequency of the M.O. 
given by Eq ( 100) Is uncnanged when a and b are changed by reciprocal 
fractions. The corrected a and b are obtained when the change In ET is 
equal to the vibrational energy Tne vibrational energy i$ the sum of two 
equal components, the vibrational energy of the protons and the 
vibrational energy of the electron M. 0 Vibration causes a redistribution 
of energy within the molecule The MO potential and kinetic energy 
terms given by fqs (135). ( 137), and (MO) add * radians out ol phase 
with the potential and kinetic energies of vibration; thus, the energy of 
the molecule wii; decrease hy ihis amount which is equal to one half the 
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vibrational energy. An x% increase in ir.e seonmajor ax*$ ond the 
reciprocal decrease in the semirmnor axis decreases E[ by the 
vibrational energy and releases energy equal to one hall vit>rational 
energy. 

5 Substitution of a « (i • ~-> ^ and b > "° mto 

( i ♦ > p 

I OCT 

I 149), (ISO), (151). and (15?) and (154) with the reduction of the total 
energy by one half the vibrational energy is 

£D = E(H[^],-FT« rotrtter -^ (166) 
Eq. (166) is the bond dissociation energy where E vib is given by £q. (»67). 
10 Substitution of a = (I ♦ 7^) — into Cq. (165) is 

f 0.5 9 

Zero order vibration arises because the state is nonradiative and is an 
energy minimum. Furthermore, electromagnetic radiation of discrete 
energies given by Cq ( 1 65) can Be trapped fn the resonator cavity where 
15 constructive interference occurs at the foci. These standing waves 
change the electric field at tne ellipse surface as tiescribed in the 
Excited States Section of The Unification or Soaret imc the form , 
gallf!! and Cnergy. Mills, a. Tecnnomics Publishing rY>mp 3 r> y Lancaster. 
PA, (1992); thus, the major and minor axes Increase and the total energy 
ol tne molecule given by Eqs (119). ( 150). (151). and (152) increases. 
The photons of these standing waves drive the vibration of the molecule 
at s higher frequency than the zero order frequency, but are reradlated. 
The energy of a vibrational transition is given by the difference of the 
sum of the energies of tne modes excited before and after the transition. 
The modes are quantized, and from Eq. < 165). tne energy spacing of the 
modes is closer together as tne total vicrational energy increases. 

Excited electronic Stales of Ellipsoidal n o s 

Excited states of orbilspheres are dtscussed in the Excited States 
30 of the One riectron Atom (Ouant nation) Secl.on of TheUnifjcat ionof 
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Publishing Compar.y, Lancaster. Pa. (1992) fr, the case of ellipsoidal n 
O. *s, excited electronic slates are created when photons of discrete 
frequencies arc trapped in the ellipsoidal resonator c&viiy of the M o 
The photon changes the elective charge at the r. o surface where ;he 
central field is ellipsoidal and arises from the protons and the effective 
Charge or the Trapped photon ^t the foci or the M O. force balance ?$ 
achieved at a series of ellipsoidal equipotential two dimensional 
surfaces confocal with the ground state ellipsoid. The trapped photons 
are solutions of the Laplacian in ellipsoidal coordinates, £q. (103) 

Magnetic Moment of an Ellipsoidal M 0. 

The magnetic dipole moment, ji ( of a current loop is 

" 3 iA ( 168) 

The area of an ellipse is given by Co. < 101). For any elliptic orbital due 
15 to a central field, the frequency, f. Is 

I 

fn 



10 



2n at> ( 169) 

where L is the angular momentum The current, I, is 

e i 

20 wnere c is the charge. Substitution of f or, M70) annfinn »nto Fn r 
where L Is the angular momentum of the electron, fi .is 

eh 

"^2m (171) 
which is the Bohr magneton. 

25 Magnetic Field of an Ellipsoidal M. 0 

The magnetic field C3n he solved as a magnetostatic boundary value 
prooiem whicn is equivalent to that of a uniformly magnetized ellipsoid 
(See Strait on. J A. UiLClron^ McGraw-Hill Book Company. 

<>94i), c 2S7> The magnetic scalar potential inside the ellipsoidal n 

30 o. (f>\ is 
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ThF ma9nC,iC 5C3,3r Vienna, outs** 0 , ,, ^ 



S (1 72) 



(|)* , - eh - v f 05 
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The ^'cn e ,c, nsWe(riepmpsojda , no 

*** ~ — - ° * — „ „ 

WOROGEN-TYPfc" M0 LfCULES 
'0 Force Balance 

— sxr as::- ind,si '~ — 

7 "* centripetal rorce ^1:'?" 3 "^'^ 

Metric rorce between the elecTrl Z 7, "'^ ,S * «* 

5 the magnetic force between he 1 P T , <« Ctric « 

P3T. in the present case o ,l 0 oe n ^ ""^ "* to 
«*a»s then th, "^^'H* mol -"'«> W the eccentnatv 

yf2 ' {hc veclor >al projection or th- 

r~ J Ctl0n °' t/iema 9^"c force between 

V 5 01 tQ f3 IS) of the Two f u>rrr n A . 

-olecu.es w,„ be solve, by " U c ' ' '"^ 15 «* ' 

e t _L_ , y Se " c oos.stency. Assume 



"* w '" w "i oe solved bv ^ - . • ■ (i 0 ne. The 

e „ _J__ th 6y Se " c oos.stency. Assume 

a.s , 17S) 

H76) 
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<y - - ° 

P (177) 
Substitution of Co <I77) into (M2) j S 

' * p'71 & ° <»7fl) 
Suost.tut.onor Eos ( 1 77) and ( 1 78) into Eq. 0<M> j* 



P - C = " 



P -f? 3 ° ( ) 79) 

Substitution of fqs. (J 77) and (170) into Ea (146) is 



I 

e = 



VT (ioo) 

The eccentricity is . , nus> the prescnl se?f consjstent soJutjon 

which was obtained as a boundary value problem is correct 
10 ^ tntemuc.ear distance given by multiplying to. ( . 78) by two is 

P 

Energies of the Hydrogen-Type Molecules 

The energy components defined previously for the molecular )0 n 
tqs. ( 1 49-153). apply in the case of the corresponding molecule And ' 
each molecular energy component is given by the integral of 

toTirr",? 9 f0rCe " EQ " (,75> WhCrC C3Ch ener 9V component is the 
total for the two equivalent electrons. The parameters a and b are oiven 
~, » . / af»o u /y;, respectively. 

20 V(? = -Ive 2 _ 3 * V.gg_--fa . 2 

0nt °J a? - t>2 a - n8l > 

v - — E— — - giL— 

8*<on/"a? . b i (18?) 



15 



T = 



?5 



2m e aVT? - b? a - V a? 7^2 (,83 > 
The energy, v m . corresponding lo the magnet ic_force of Eq (175) i s 

4m e W a 2 - b ? 3 . ^2 - „2 (,8j,) 



ET * V e ♦ 1 . v m • V p 



( 105) 
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£) = -13.6 ev j f 2p^2 - p?V5 * f 4^]ln ^J-I „ p 2^j n 0 6) 

E< 2r|j J) - -2*? 13.6 ev < f67> 

The bond dissociation energy. Eo. is the difference between tne bindinq 
5 energy of the corresponding hydrogen atoms or hydrino atoms and ij 

ED = E(2h{^ ])~E T (iee) 

As in the case or the hydrogen-type molecular ion, the time 
averaged internuctear distance Is Increased by the zero order molecular 
vibration. A y% increase in I he semimajor axis and the reciprocal 
10 decrease in the semiminor axis releases energy which Is equal to one 
half the vibrational energy 

Substitution of a MP 7o5>? antj * * ^7 7= *o into Eqs. 

( I * ~X-\ P V 2 
1 00 

( 18 1-106) with the reduction of the total energy by one half the 
vibrational energy is 

15 ED-EC^ ])-E7« r0 orc fe r- i f l (.09) 

Eq (189) is the bond dissociation energy where E vib is given by tq. (190). 



w-u^JiviJOm Oi a - (i * Jqq^ mto £q. (165) is 



0.59 
I I00 ; 




0 THE HYDROGEN MOLECULAR IONH 2 [2c- = >/5 a 0 ]* 



Force balance between the electric and centripetal forces 15 given 
by Eo (133) wnere p = t 

n? 9 

i^?** 2 *-^* (,9,) 
wnicb has the parametric solution given by Eg. (127) when 
?5 3 T 230 (1 92) 



WO 9405873 



rCT7US94/0221? 



67 



r 



?0 



The se^imajor axis, a, is also given by Eq. ( ?3<D where p - I The 
fnt ernuc lear distance. 2c\ which is the distance between the foci is 
given tn' Eq. (M3) where p « 1 

2c* - 23 0 n93) 
Thf experimental intemuclear distance rs 2a 0 
Thf sc-rnirrnrior a>:»s is given Dy tq ( M5) where p « l 

The eccentricity. e r is given Dy Eq. (147). 

1 

e ~ 2 (195) 

Energies of the Molecular Hydrogen Ion 

The potential energy, v e , of the electron n 0. in the field of the 
protons at the foci <£ - O) is given by Eq. ( 135) where p = I 



15 The potential energy, Vp, due to proton- proton repulsion is given by Eq 
(146) where p - 1 



e 



2 



Tlx? kinetic energy, T. of the electron M. O is given by Fq. (137) where p * 
\ 

• ____ 

70 T " J ; 1" )-~~~~ (198) 

Substitution of a and o given by Eqs. ( 192) and ( 1 94). respective!/, into 
Eqs (196). (197). and (198) is 

Ve= ln 3 = "59.763ev (.gg, 

Vp= 8^' 136 <> v (200) 

2S Ti ,n3 ' ?9a8pv <2CI) 

El - V e ♦ v p ♦ T (202) 

ET • -16.282 ev (?03) 
E( H[a 0 ] > - -13 6 eV 

El a V e . v D - T ( 2 0 /j) 
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ET £ »"3 6 ev ( -4ln3 - 1 * 2in3 > 
The bond dissocial ion energy. Ed. is tne difference between the binding 
energy of the corresponding hyarocjen atom and Ej 

f[) = Ei ) - ET - 2.68 eV (?06) 

5 Eqs (199-206) are equivalent to Eos il49~ 154) where p = I 

Vibration 

It can be shown that 3 perturbation of the orbit determined by an 
inverse square force results in simple harmonic oscillatory motion of 
10 the orbit. Zero order vibration arises because the state is nonradiative 
and is an energy minimum. The time average intemuclear distance Is 
increased by the zero order vibration A 0. \% increase in the semimajor 
axis and the reciprocal decrease in the semfminor axis decreases £ T by 
the vibration energy and releases energy equal to one half the vibrational 
energy. Substitution of a - 2 002 a 0 and b - i .7303 ^ into Eqs. (196), 

< T97). i 198), and (?CM> and (206) with the reduction of the total energy 
by one half the vibrational energy Is 

ED - C< l{ a c ) ) - E Two pruer - ^ b - 2.76 eV (207) 
Eq (207) Is tne bond dissociation energy where E vib Is given by Eu (206). 
The experimental value ts 278 eV, Substitution of a = 2002 a 0 Into Eq 

< 1 65) is 
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THE HYDROGEN MOLECULE H 2 [2C = V? aj 

25 Force Balance 

The force balance equation for the hydrogen molecule is given by 
Eq ( J75) where p r I 

which has the parametric solution given by Eq. ( 1 27) when 

3 " 30 (?»0) 
The M>m.maj 0 f ax. s . a. is also giver, oy Eq. ( I77> where o - t The 

•ntemuclear distance. 2c . which is tne distance between the /oci is 
given by £q ( i 70) where p « I 

2t - \T? a* (?|]) 
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The exper, mental internuciear distance -s V~2 a 0 
The scmimfnor axis is given by Eg. 079) where p . , 

The t-ccenlricity. e . is given by Eq (iqo) 



t> - j—- <> 0 



V ? <?I3) 
Energies of the Hydrogen Molecule 

where p! " "* m °' eCU,e " 9iVeft ^ «•« t-167) 



~r — in ^=^~-- — - — 



<215) 



la W^2 a - "/^TJ? " -67013 eV (2M) 

T = JE__ . a_i..V a? - &2 

2m e aV^^ a - VlTT^ = 33.906 ev (2l6) 
The energy. v m . of the magnetic force is 

^aVlTT^ 3 . -^~T7^2 ' ~ ' 6 9533 eV (2,7 > 

£»-v«. T .v m ^ |218) 

l l 2) y/2- i " V2 J "31.63 eV (219) 
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«2H[aJ ) --27.21 ev 

The bond dissociation energy En is the difforpnr* h*i 

enf>rnw nf ourerence between the bindinq 

energy 0 f the corresponding nyorogen atoms and El 

ED«E<2H|aJ >-FT«4.43oV (22?J 
/ o ■»» -> '"creased Oy the ?ero order molecular vibration 

em;;, ir;;, ,he sermm3jor a * is and ,he reaproca ' - £ 

scm. minor ax.s releases energy wh.ch is equal to one halt the 
~ 3 LT 9> 5 — -OOVao and b/o 702 a 0 into 



WO 



70 

tD s f(2 Mjci 0 J )- ETzerocrdtr - "f ' = "27.21 * 3 I 94 - 4 73 eV (222) 
Eq. (222) is the bond dissociation energy where f viD is given by Eq. (223) 
Tr.e experimental value )5 75 eV Substitution of h * I .COS u 0 into tq 
CI65) is 

E vifr -0 562eV (223 , 
The experimental value is 0.55 eV which is calculated using the quantum 
harmonic oscillator approximation with the experimental value of the 
first vibrational transition. 



10 THE DIHYDRINO MOLECULAR ION H* 2 f 2C - 3 0 } 

Force balance between the electric and centripetal forces is given 
by Eq (133) where p = 2 

^2^2 ?3&2 X ^ ~~ X ( 224) 

which has the parametnc solution given by Eq. < 127) when 

3 " 30 (225) 
The semtmajor axis, a, Is also given by Eq. (134) where p - 2. The 

internuclear distance. 2c", which is the distance between the foci is 
given by Eq. (143) where p - 2. 

2C ■ 3 0 

20 The semiminor axis is £iven by Eq. ( 1 45) where p - 2 

D* 2 ao (227) 



15 



(226) 



The eccentricity, e. is given by Eq ( 1 47) 



(228) 



25 Energies of the Dihydrino Molecular ronH«2(?c" - a o ] 

The potential energy, v e . of the electron m. o in the field of 
magnitude twice that of tne protons at the foci <t - 0) is given by tq 
( I 35) where p - 2 

Ve s -Be2 a « V a 2 . D 2 

8 *W a2 - o? n a - V^~o2 ( 
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The potential energy, v D . due to proton-proton repulsion in the held of 
magnitude twice that of the protons at the foci (? « O) is given t>y e q * 
( MC) where p = 2 

2ef_ 

8nt W"a? - h2 (230) 
The- kinetic energy. T, of the electron 11. o is given by Eo [137) where p = 

m e aV a 2 - b 2 % . V a? -~t>2 (23l) 
Substitution or a and b given Py Eqs. (225) and (227). respectively into 
Eqs. (229). (230). and (23 1 ) is 

8e2 
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E < , • - 



54.4 eV 



(?35) 



£T » V C « V p ♦ T (236) 
,f> Et " *3-6eV(-l61n3 * 4 - Oln3 )* -65.09 eV (237) 

The Dona dissociation energy, E 0 , is ihe difference between the binding 
pnergv nf tfy> mrrocn^nHinn h*.^.^^ * r _ 

ED " E< fj^J )- E7 = 10.69 eV (236 ) 
Eos. (232-238) are equivalent to Egs. ( |<?9- \S4) where p - 2. 

Vibration 

U can be shown that a oerturoation of the orbit determined by an 
»nverse square force results in simple harmonic oscillatory motion of 
tne orbit Zero order viprat.on anses because the state is nonradiative 
and .s an energy minimum The time average internuclear distance is 
increased by the ?ero order viprat.on. a 0. 15% Increase in the sem.major 
axis ano the reciprocal decrease ir, the semimin'or axis decreases t T by 
the vioranonai energy 3 r.d releases energy equal to one half the 
v:r., a .,onal energy. Substitution of a - I 0015 a Q and b = 0 6617 ao .nto 
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EOS (229), (230), (231). and (236) and (238) with the reduction or the 
tOta> energy by one half the vibrational energy )S 

EQ. (239) ts the bond dissociation energy where E vm is g,v*r, bv E Q. (240). 
Substitution of a - 1 0015 a<. into Fq ( 165) is 

C vlb = 0.588 ev 

THE 0»HYDRINX) MOLECULE H^C" - ^ j 

Force Balance 

The force balance equation for the dihydr ino molecule 
H*2[2c' - j j 5 given by Eq. ( 175) where p - 2 



ft 2 ~ ?e? f\2 

~ me3 2o? ™ 2 * - ~ X • — 2ab 2 x 

which has the parametrtc solution given by Eq. (127) when 

a 0 



(241) 



(242) 



15 The semimajor axis. a. is also given by Eq. ( 1 77) where p = 2 The 
Internuc.ear distance. 2c'. which is the distance between the foci is 
given by fq. ( 178) where p = 2 

l 

The semiminor axis is given by £q. n?9) where p - 2 

I 

(244) 
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b = c 



2 >/~2 



The eccentricity, e, is given by Eq. USO) 

I 



(245) 
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Energies of the Oibydri no Molecule H^c = ^ J 



The energies, of me dthydrino molecule H** 



t)y Eqs (I3«- 167) where o * ? 



2c = 



] 



are given 
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V. 



7 * 



8™, 
7 




~4e2 <s * 

— = 76 *3 cv 



V *2 - t>2 



-27 J. 23 ev 




The energy. v m , of the magnetic force is 

a - V a 2 - b 2 



4m e aV a? - b 2 



in 



- -67.8069 eV 



<246> 



(247) 



(248) 



(249) 



10 



15 



-«3.6*[(*VS - W? « ^jln f-^i - W?]. 1765 eV 
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E(2h(|]),- 



2(544) eV 



(250) 



C251) 



(252) 

The bond dissociation energy, E D , is the difference between the binding 
energy of the corresponding t\yCrino atoms and F.T. 

ED = E( 2 ) - £ T * J 7.688 eV (253 ) 

As in the case of the dihydrino molecular ion # the time averaged 

~ "^'^w ^y »u? zero oroer molecular vibration. 

A 0.7% increase in the semimajor axis and the reciprocal decrease in the 
semiminor axis releases energy which is equal to one half the 
vibrational energy. Substitution of a = 0.5035 a 0 and b * 0.351 a 0 into 
EQS (246-253) with the reduction of the total energy by one half the 
vibrational energy is 

EO" £( 2l|^ ]>- ET»ro order " ="108.0* I 27.65 * 18.86 eV (254) 

Eq (254) is the bond dissocial ion energy where E vib is given by Eq <255) 
Substitution of a = 0 5035 3 0 into cq (165) is 

E vlh *2.33eV (255J 

ioni?ai ion Fnerg»es 

The first loni ration energy, IP,, of the dihydrino molecule 
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M* 2 



V5 

(256) 



. ^V" S ] - H "2l 2c " = 3 o) 



is given by Eo-v(?36) and (250) with zero order vibration. Eos (239) and 
(254), respectively. 

IPl - Cl<H*^[?c' = a 0 ]*) - Ei(H«^2c' = — ~ j) (?575 

5 |P| - -6S.39 ev ♦ 1 27.66 e\/ - 62 27 ev ( 2S8} 

The second Ionization energy, |p 2 , is given by Eq (236) with zero order 
vibration, Eq (239). 

IP 2 -65.39 eV (259) 
A hydrino atom can react with a hydrogen, deuterium, or tritium 
10 nucleus to form a hydrino molecular ion that further reacts with an 
electron to form a dihydrlno molecule. 

l-jjo ] . „. ♦ e . _ H Hj^gt - ™~ A J (260) 
7 he energy released is 

E * cn {p] ) (261) 
15 where Et Is given by Eq. (250) with zero order vibration, Eq. (254). 

a hydrino atom can react wtth a hydrogen, deuterium, or tritium 
atom to form a dihydrino molecule. 

V5 



(262) 



20 The energy released ts 

t «£(r|^])-E(H[^3 )-Et (263) 
where Et is given by Eq. (250) with zero order vibration. Eq. (254). 

Below '6roun d State* Transiti ons of HydrpQen-Type Mo lecules and 
25 Molec ular Ions 

Excited states of orbitspheres are discussed in the Excited Slates 
of the One Flectron Atom (Quantization) Section of The Unifica tion of 
^Qaxcume the forces Matt er, and Energ y, Mills, ft., Technomics 
Publishing Company, Lancaster, PA. (1992). In the case of ellipsoidal M 
30 0 s. excited electronic states are created when photons of discrete 
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frequencies are lr 3 pp C{J ,n the- ellipso.da. resonator c *,.ty 0 f , he n 0 
The ^oton change, the effect charge a. then o ;>ur , acc Wncrc \? 
centra, field ,s e.lipsoidal an. arises rro,n the protons and the effe , ve 
^rg„ or the .rapped onoton a. the f<o of the n o force balance , s ' 
achieved at a series of ethpsoioa, equipoitntiai two dimensional 
surfaces conlocai with ihe ground state e.hpso.d 1* trapped pho, 0 „ s 
are solutions of the Lap.acan ,n elh PS oida, coordinates Eq (,03) 

As is the case with the orb.tsphere. higher and lower energy states 
a e equa.ly val.d. The photon standing wave i„ b o,h cases is a so u^ 

cavity, relationship between an allowed circumference 4aE and the 
Photon standing wavelength, x, is C 

4aE « nx 

where n is an integer and where 

IS k . 111:!? 

a (265) 

(265 5 r t h n !!' ' DtiC intC9ra ' ' ° f E ° (264) ^'"9 E " s «•« and 

EQ UOm an^'T* DCtVVe<?ft 30 3 " 0WCd an9U,ar "W"Cy given by 
Eq. (100) and the photon standing wave angular frequency, „. is: 

_» n n fj , ' 

m e A m e na,nb7 = ™eV>^ ' w ' " (2G6) 
>0 where n » I 2 3 a 



u>, is the allowed angular rreooency lor n - I 

a, and b, are the allowed sem.major and semlminor axes for n - I 
2f> £i^R6Y_ht0XE.S 

a he J r °. m E ° (26f>> ' tr> ° m3 9 nMu0e of tf * el »<P"c f-eld correspono.no to 
a below ground stale" transition of the hyorogen .no.ecu.e is an integer 
Ihe potential energy equations of hydrogen-type_molecu.es are 

Ve « ^-?*?— , n a _I_VlLL 

30 Vp . J! 
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3= p (269) 



c - . V a? - b? - -— (27|) 

and where p is an integer. (These energies arc approximate in that they 
5 oo not include the energy component corresponding to zero order 
vibration. The exact energies are given oy Eqs. (267-260) where the 
parameters a and b are those given by Eqs. (269-270) with the correction 
for zero order vibration as given in the Vibration Section). From energy 
conservation, the resonance energy hole of a hydrogen- type molecule 
10 which causes the transition 

^2 a 0 



H« 2 
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mp ? X 48.6 ev (273) 
where m and p are Integers During the transition, the elliptic field Is 
increased from magnitude p to magnitude p ♦ m. The corresponding 
potential energy change equals the energy absorbed by the energy holt- 
Energy hole - -V e - V p = mp2 X 10.6 eV {2 ^ A) 
f urther energy i S released by the hydrogen-type molecule as the 
mternuclear distance "shrinks". The total energy. f t , released during the 

• .3.6 ev[(zn^ - ^ . <^?] ln . ^ 

(This energy is approximate in that it does not include the energy 
component corresponding to zero order v.oraiion. The exact energy is 
g-ven by Eq (275) with the correction for zero order vibration as given in 
the Vioranon Section) 

A schematic drawmg of the total energy wen ot hydrogen type 
molecules and molecular ions is given in r IGURL 3 The exothermic 
reaction involving transitions from one potential energy level to a lower 
level is also hereader reierred to as HEHER (Hydrogen im.ss.on by 
£a-.3tytit Thermal Electronic Relaxation) 
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A hydrogen- tyre molecule witr, its eteclrons in a lov/cr than 
ground stele" energy level corresponding to a fractional quantum number 
i:. hereafter referred to as a dihydrino molecul?. The ozonation 'or a 

dihydrino molecule o< internudear distance. 2c = where p is an 

5 integer, is H« 2 [2c - ] a schematic drawing of .he si,e of 

hydrogen-type molecules as 3 function of total eneroy is given in FIGURE 
A. 

The magnitude of [he elliptic field corresponding to the first below 
•ground state" transition of the hydrogen molecule is 2. From energy 
10 conservation, the resonance energy hole of a hydrogen molecule which 
excites the transition of the hydrogen molecule with internudear 
distance 2t = V2 »o to the first below "ground state" with 
internudear distance 2c" - ^ a<> }s glven {)y fcqs (26 7-27l> where the 
elliptic field Is Increased from m agnitude on e to magnitude two: 

15 v»- -~?e 2 , a ♦ V a? - t>2 

6 ' ' n a "T^rni " " 6? 8,3 eV «276) 
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-j, "me - -v(> - V p - 'iu. t> ev (270) 
in other words, the elliptic -ground stale" field of the hydrogen 
molecule can be considered as the superposit.on of Fourier components 
The removal of negative Fourier components of energy 

"» x 40.6 eV {279) 
where m is an integer, increases the positive electric field inside the 
ellipsoidal shell by m times the charge of a proton at each focus The 
resultant electric field is a time harmonic solution of the I apiacian in 
ellipsoidal coordinates. The corresponding potential energy change 
equals the energy absorbed by the energy nole. 

Energy hole * -v t - v t , -- m x /186 ev- (?f)Q) 
Further energy , s release* by the hydrogen molecule as the internudear 
o.siance shrinKs-. Tne hyorogen molecule with internuclrar d.stance 2c' 
- V 2 a<. .s caused to undergo a transition to lh P a below "ground state" 
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level, and the internudear distance »or which force bounce and 
nonradiaiion are achieved ,s 2c" - f4~f , n decaying ,„ 
internuciear distance from (he- "ground state; a total energy of 
-i3.6ev[(?i,. m) ?V5 - ci-^V? . ( — "f-^J-n ^---^ - (|.*J?V5] 

is released. 

in a preferred embodiment, energy holes, each of approximately 
m x 406 ev, are provided by electron transfer reactions of reactants 

r^cTr 9 f eI , eCt K rOChemiC3! rC3ctantCs) <e'ectrocatalytic coup»e(s» wh.ch 
cause heat to be released from hydrogen molecules as their electrons arc 
stimulated to relax to quantized potential energy levels below that of 
the "ground state". The energy removed by an electron transfer reaction 
energy hole, is resonant with the hydrogen energy released to stimulate' 
this transition The source of hydrogen molecules is the production on 
the surface of a cathode during electrolysis of water m the case of an 
electrolytic energy reactor and hydrogen gas or a hydride in the case of a 
pressurized gas energy reactor or gas discharge energy reactor. 

£ATai VTir fNfPfiv nmj;3 TRucTURF.s for r ^LFQiLK 

5iBflk Electron 'l^ n^r 

An energy hole is provided by me transfer of an electron between 
participating species including atoms, ions, molecules, and ionic and 
ZlZT ^T* 5 '° 0ne «*•«»««. U» energy hole comprises the 
lum of n ( 3r 7 ,ectro " '™ «• **cier> to another species whereby the 
sum o ,he ionization energy of the e.ectron donating species minus the 
ionization energy or electron affinity ot the e.ectron accepting species 
equals approximately mp? x 48.6 ev where m and p are integers. 

30 Single Electron T r ansfer <T wf * frpfri^cj 

An efficient catalytic system mat hinges on the coup.ing of three 
esonator cavl| ,„ involves iron and l„h, um for example, theVour.n 
.onuauon energy of ,ron is 54.6 eV l nls energy hole is obviously too 
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high for resonant absorption However, |.r releases 5.392 ev when it is 
reduced to Li. The combination of f e 3 ^ to F'e 4 ' ana [r to Li. then, has a 
net energy change or 49 4 eV 

404 e v ♦ r?5« * lt * h ? [:< - %/i a 0 ] 

r 

S — F e 4 • * L i * H^^2c - |. 7 eU (20?} 

Li ♦ Fe 4 * — LP * Fo 3 * * 49 4eV 
And. the overall reaction is 



(283) 



H 2 [2C - ^2 a 0 ] - H*^" = J < 95.7 eV 



(284) 



Note that the energy given off as the molecule shrinks is much greater 
10 than the energy lost to the energy hole. And, the energy released is large 

compared to conventional chemical reactions. 

An efficient catalytic system that hinges on the coupling of three 

resonator cavities involves scandium. For example, the fourth ionization 

energy of scandium is 73.47 eV. This energy hole is obviously too high 
15 for resonant absorption. However, Sc 3- releases 24.76 ev when it is 

reduced to Sc?\ The combinat ion of Sc 3 * to Sc 4 * andSc 3 * to Sc 2 \ 

then, has a net energy change of 40.7 eV. 

48.7 ev ♦ sc 5 ' • Sc*' * H 2 [2c' « >/2 a G ] 

~ 5c 4 * * Sc?* • H* 2 [?C = ~~- ]♦ 95 7 eV (205) 

20 5c2- - 5c 4 * - 5c3* < sc3- - ^ y e v (286) 
And. the overall reaction is 

" 2 [2C- = V2 a 0 ] - H*^2z - — ^ ] * 95.7 eV (207) 

An efficient catalytic system that hinges on the coupling of three 
resonator cavities involves yttrium. For example, the fourth Ionization 
25 energy of gallium is 64.00 ev This energy hole is obviously too high for 
resonant absorption. However. Pb ? * releases 15.03 eV when It is 
reduced to Pb\ The combination of Ga 3 * to Ga 4 * and Pb?" to Pb\ then, 
has a net energy change of 48 97 ev 

46.97 cv • Ga3* • Pb?- • H ? [?c * yfi a c ] 
3° - 6a 4 * ♦ Pd- « = j. 9 !>7 e v (208) 
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ba^* ♦ PtT - 6a** * Pt>2 4 . 46.97 eV 
And, the overall reaction is 



95 7 ev 



<789) 



(290) 
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Catalytic systems that hinge on the transfer of one electron from an 
atom or ion to an atom or ion capable of producing energy holes for 
shrinking hydrogen molecules are given In the following table* The 
number in the column following the Ion, <n>, is the nth ionization energy 
of the atom. That is for example. 6a> ♦ 6400 eV - Ga 4 * • e~ and H* ♦ 
e" = H ♦ 13.60 eV. 



IS 



20 



25 



30 



35 



Atom 


n 


nth Ion- 


At nm 


n ntn ion- 


Energy 


Oxldlz 




ization 


Reduced 


ization 


Hole 


ed 




Energy 
(ev) 




Energy 
(ev) 


(ev) 


6a 3 • 


3 


6400 


H 1 * 


1 13.60 


50.40 


AS 4 * 


4 


63.63 


H ? * 


' 13.60 


5003 


y 3 - 


3 


61.80 


H 1 * 


J 1360 


46.20 


MO 4 * 




61.20 


H 1 • 


1 13.60 


47.60 


Sc 3 * 


3 


73.47 


He I * 


1 2459 


48.88 


Mn A * 


A 


72 40 


He i * 


1 2459 


47.81 


Fe a • 


A 


75.00 


He i * 


1 2459 


50.41 


Sr 4 * 


A 


71.60 


He I * 


1 2459 


47.01 


5n A * 


A 


72.28 


He I ♦ 


1 2459 


47.69 


He 1 ♦ 


2 


5442 


U 1 • . 


1 5.39 


49.02 


He 1 * 


2 


5442 


Na I * 


1 S.14 


49.28 


He 1 ♦ 


2 


5442 


Mg l * 


I 7.65 


46.77 


He l ♦ 


2 


54 42 


Al 1 - 


1 5.99 


48 43 


He \ - 


2 


5442 


K 1 « | 


1 4.34 


50.08 


fie I • 


2 


54 42 


Ca 1 • 1 


6. 1 1 


48 30 


He ? * 


«n 


54 42 


Sc I * I 


6.54 


47.88 


He I - 


? 


54 42 


Til- i 


6.62 


47 60 


He i • 


2 


54 42 


V I • 1 


6 74 


47.68 


He i • 


2 


54 42 


Cr l * i 


6.77 


47.65 


He I * 


? 


54 42 


Mn 1 • 1 


7.43 


46.98 " 
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Nl 1 * 


1 7 64 


46 78 


Hp 1 • 


■*> 


.> 1. 4/ 




1 7 73 


46.69 


Hp t 4 
fit i 






Get ! * 


1 6.00 


48 42 


I It 1 * 


o 


5442 




; 4. IB 


50.24 




/. 




5r 1 ♦ 


1 5 70 


48.7? 


He \ v 


<. 


54 42 


Y 1 - 


1 6.30 


48 04 


MC 1 ♦ 


2 


5442 


2r l • 


I 6.84 


47.58 


He I * 


2 


54.42 


Nb I ♦ 


1 6.88 


47.54 


He i 1 


2 


54.42 


no I • 


1 7.10 


4732 


He t ♦ 


2 


5442 


TC 1 * 


J 7.28 


47.14 


He I ♦ 


2 


5442 


ftu I - 


1 7.37 


47.05 


He I • 


2 


5442 


Rh I ♦ 


1 7.46 


46.96 


He i * 


2 


5442 


Ag 1 * 


1 7.58 


46.84 


He } ♦ 


2 


54.4 


tn 1 * 


1 7. 34 


47.07 


He 1 * 


2 


54 42 


C5 1 * 


1 3.09 


50.52 


He l • 


2 


54.42 


ba \ ♦ 


1 5.21 


49.20 


He 1 • 


2 


5442 


La 1 • 


I 5.50 


48.84 


He l - 


2 


54 42 


Ce J * 


! 5.47 


48.95 


He 1 * 


2 


5442 


Pr \ « 


I 5.4? 


48.99 


He 1 * 


2 


54.4? 


N6 I ♦ 


1 5.49 


48.93 


He I ♦ 


2 


5442 


Pm ! * 


1 5.55 


48.86 


He 1 • 


2 


54 42 


5m 1 - 


1 5.63 


48.78 
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SmgieJLIfclron Transfer jOne Species ) 

An energy hole is provided by the ionization of an electron from a 
participating species including an atom, an ion, a molecule, and an ionic 

10 or molecular compound to a vacuum energy level. In one embodiment, the 
energy hole comprises the ionization of an electron from one species to a 
vacuum energy level whereby the ionization energy of the electron 
donating species equals approximately mp2 x 4B.6 eV where m and o are 
integers Catalytic systems that hinge on the transfer of one electron 

15 from an atom or ion to a vacuum energy level capable of producing energy 
holes for shrinking hydrogen molecules are given in the following table. 
The number following the atomic symbol (n) is the nth ionization energy 
of the atom. That is tor example, Na* ♦ 47.29 eV = Na?* - e". 



20 Catalytic Ion n nth Ionization energy 

Na I * 2 47.29 

Cr 3 * 4 49.10 

As 3 * A 50 1 3 

wr> a ♦ 5 50.55 

25 La 3 • A 49.95 



gluMlple Electron Transfer 

An energy hole is provioed by the transfer of multiple electrons 
between participating species including atoms, ions, molecules, and 

30 ionic and molecular compounds In one embodiment, the energy hole 

comprises the transfer of t electrons from one or more species to one or 
more species whereby the sum or Ihe ionization energies and/or electron 
affinities of the electron donating species minus Ihe sum of ihe 
ionization energies and/or electron affinities of the electron acceptor 

35 species equals approximately mp? X 48.6 eV where m, p, ana t are 
integers 
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An energy hole is provided by the transfer of multiple electrons 
UJtweer. part leipaling species including atoms, ions, molecules, and 
ionjc and molecular comoounds in one embodiment, the energy hole 
comprises the transfer ot t eltiirons (rom one species lo another 
whereby the t consecutive electron affinities and/or ionization energies 
ol the electron donating species minus the t consecutive ionization 
energies and/or electron aitimt.es ol the electron acceptor equals 
approximately mp2 x 186 eV where m. p. and t are integers. 

In a preferred embodiment the electron acceptor species is an 
pxide soch as flnO x . AIO x , 5iO x . A preferred molecular electron acceptor 
is oxygen. O2. 

In an embodiment, a catalytic system that provides an energy hole 
hinges on the ionization of t wo electrons from an atom, ion, or molecule 
to a vacuum energy level such that the sum of two ionization energies is 
approximately mp? X 40.6 eV where m, and p are integers. 

Iw o Electron Transfer (Two Soecles) 

in another embodiment, a catalytic system that provides an energy 
hole hinges on the transler of two electrons from an atom, ion or 
molecule to another atom or molecule such that the sum of two 
ionization energies minus the sum of two electron affinities of the 
participating atoms. 10ns. ano/or molecules is approximately mp? x 486 
25 eV where rn and p are integers 

Two Electron Tr ansfer (T wo Spgcj^j 

in another embodiment. 3 catalytic system that provides an energy 
hole hinges on the transfer of two electrons from an atom ion or 
molecule to another atom, ion, or molecule such that the sum of two 
ionization energies minus the sum of one ionization energy and one 
electron affinity ol the participating atoms, ions, and/or molecules is 
approximately mp? X 48 6 eV where m and p are integers 

3- Othe r fnerpv Hpjfg 
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in another embodiment. energy holes, each of approximaieiv m x 
6/0 eV gi-er, by Eq (276) 

-nr.* v e ■ - mX — -T-ggL-, Ir^'^JLzji 

W - 1^2 a . V 3? . 2 

= ni x 67.613 eV 

are prov.aed by c (ectron tran5(c . r rf3C , i0O5 ( „ reac|an(s )fK ,29U 
electrochemical reactantts) (electrocalalytlc couplets)) which cause 
neat to be released from hydrogen molecules as their electrons are 
stimulated to relax to quantized potential energy levels below that of 
the ground state". The energy removed by an electron transfer reaction 
energy hole, Is resonant with the hydrogen energy released to stimulate* 
this transition The source of hydrogen molecules is the production on 
the surface of a cathode during electrolysis of water in the case of an 
electrolytic energy reactor and hydrogen g3S or a hydride in the case of a 
pressurized gas energy reactor or gas discharge energy reactor 

An energy hole is provided by the transfer of one or more electrons 
between part ic.pating species including atoms. Ions, molecules and 
ionic and molecular compounds. In one embodiment, the energy hole 
compnses .he transfer of t electrons from one or more species to one or 
more species whereoy the sum of the ionizal.on energies and/or electron 
affinities of the electron donating species minus the sum of the 
lon.zat.on energ.es and/or electron affim-.es of the electron acceptor 
spec.es eouals approx.mately m x 67 ft ? V —ere .- and i are integers 

An eff.c.em catalytic system that hinges on the coupling of three 
resonator cavities involves magnesium. For example, the third 
ionization energy of magnesium is 80. 1-13 eV This energy hole is 
obv.ously too high for resonant absorption. However. &*• releases 
' I 03 eV when it , s reduced to Sr\ The combination of Mg2« iottg3< 
ana Srz- to Sr\ then, has a net energy change of 69 I eV 
f>9 lev/* rig-* • Sr ?. . h 2 [2c ->/? a 0 ] 

- no- • S r- • H-jf* ]• 95 7 ev (2g2) 
"9-*- - 5r- - ng?. . 5,2- . 6Q| pv 
And. tn P overall reaction is 
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An efficient catalytic system that hinges on the coupi.nq 0 f thrc „ 
resonator cav.ties involves .T.3 9 r,..j um For example, the th.rcj 
»on.2ation energy of magr,e>ium ,s GO 143 ev This energy hole is 
obv.ously too high for resonant absorption Movvever Ca2 . f? .^ or 
1 1.071 ev when n , s reduceo to Ca- Ine combination of riqJ" , 0 
ana Ca<" to Ca\ then, has a net energy change of 60 ? ev. 

&o 2 ev . rig?* ♦ ca?- ♦ h 2 [ 2c a 0 ] 
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- Mg3- • Ca« . h-^c -^—^ j. g 5 . 7 eV 

Mg^ ♦ Ca-- fi 9 2. . ca?« • 60.2 ev (?qn 
And, the overall reaction is 

In four- other embodiments, energy ho.es. each of approximately n x 
E 7 ev given by Eg. (275) with ,ero order vibration and/or approximately n 

m J ^ EQ (2S ' } ^ ° rdCr ViDraM0n anc,/<>r a»n)xlmate.y 

m x 3 1.94 eV given by Eq. (222) and/or approximately 95.7 eV 

lorn = 1 m Ea <28l ) with zero order vibration whirh * c 
given by the difference in Et Wo ^ o, Eqs. (254) and (222)) are 
provided by electron transfer reactions of reaclants inctudinq 
electrochemical reaciantro f*»i*rir^ 3 r»..„»<- 

iw>=»i .~ , , ^"»>"^at> ««hu'i cause 

heat to be released from hydrogen molecules as their electrons are 
stimulated to relax to quant m potential energy levels below that of 
(he ground state" The energy removed by an electron transfer reaction 
energy hole. ,s resonant with the hydrogen energy released to stimuiaie' 
his transition. The source of hydrogen moleco.es is the production on 
the surface of a cathode during electrolysis of water in the case of an 
electrolytic energy reactor and hydrogen gas or a hydride in the case of a 
pressor , 2P( , g3S energy reactor or q 3S discharge energy reactor 

An energy hole .s proved by the transfer of one or more e.ectrons 
between participate spx.cs including atoms, ions, molecules and 

>on.c and molecular compounds in one emoomment. the enerey hole 
compr^es |hc tran$f ?r p , ( ^ ^ ^ JY 

more soec.es wherein- me sum .,, Ihe enerQ1<?s 3na/Qr * ° 
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a/f initios ol t!>e electron donating specif minus ihe sum of the 
ionization energies ano/or electron an mutes of the electron accepter 
species equals approximately m x 3 1.9*4 eV (Co (22?)) where m and t ^ 
inteoei f. d e 

An energy r.ole is proved oy me transfer of one or more electron* 
between participating species inching atoms. ,on S , molecules anc 
ionic and molecular compounds In one ernoodiment the energy hole 
comprises the transfer of t electrons irom one or more species to one or 
more spec.es whereby the sum of the ionization energies and/or electron 
affinities of the electron donating species minus the sum of the 
ionization energies and/or electron affinities of the electron acceptor 
spec.es equals approximately m X 95.7 ev where m and 1 are integers! 

r,rnJV'"T 9y r<?3Ct0r S0 ' "* accordance w,lh »* ^vention, is shown in 
HGURE 5 and comprises a vessel 52 which contains an energy reaction 
mixture 54, 3 heat exchanger 60. and a steam generator 62 The heat 
exchanger 60 absorbs heat released by the shrinkage reaction, when the 
reaction mixture, comprised of shrinkage material, shrinks The heat 
exchanger exchanges heat with the steam generator 62 which absorbs 
neat from the exchanger 60 and produces steam. The energy reactor 50 
further comprises a turbine 70 which receives steam from the steam 
generator 62 and supplies mechanical power to a power generator AO 

Whim fftfliilvrli: th» 

" - v,,v <;.iv»yy inio eiectricai energy, which is 

received by a load 90 to produce work or for dissipation 

The energy reaction mixture 54 comprises an energy releasing 
material 56 including a source or hydrogen Isotope atoms or a source of 
molecular hydrogen isotope, and a source of energy holes 58 which 
resonantly remove approx.mately m X 27.21 ev to cause atomic hydrogen 
shrinkage" and approximately m X 48.6 ev to cause molecular hydrooen 
shrinkage- where m is an integer. The shrinkage reaction re.eases heat 
and shrunken atoms and/or molecules 

The source of hydrogen can be hydrogen gas. electrolysis of water 
hydrogen ,rom hydr.des. or hydrogen from met a. -hydrogen solutions In' 
an embodiments, the source of energy holes is one or more of an 
electrochemical, chemical, photochemical, thermal, free radical sonic 



WO J»4/2987i 



PCT7US>«/(H21J 



1 13 



10 



is 



20 



25 



30 



35 



or nucle;* racliorts) or ,r*, 5 <. Uc pfrolon or f ,, rt|c)(? scaU 
reactions) In the latter two cases, the present invention o. an eneroy 
reactor comprises a part.de source 75b and/or photon sourc* 75a <o 
supply the said «*rgy holes lr> lhese cases me pfier9/ ho|? corresDon(J< . 
lo stimulated emission by ihe pholon or particle, in a prefer red 
embodiments of the pressurized 9 as energy and gas discharge reactors 
shown ,n FIGURES 7 and 6. respectively, a photon source. 75a dissociates 
hydrogen molecules to hydrogen atoms. The photon source producing 
Photons of at least one energy 0 r approximately n X 2721 eV n/2 X 27 2) 
eV. or 40.8 eV causes stimulated emission of energy as the hydrogen 
atoms undergo the shrinkage reaction, m another preferred embodiment 
a Photon source 75a producing photons of at least one energy of 

approximately n x 48 6 eV 95 7 eV orrnito/i „v 

c • cv « ornx J 1.94 ev causes stimulated 

emission of energy as the hydrogen molecules undergo the shrinkage 
reaction. In all reaction mixtures, a selected external energy device 75 
such as an electrode may he used to supply an electrostatic potential or' 
a current to decrease the activation energy of the resonant ahso.pt ion of 
an energy hole In another embodiment, the mixture 54 furtner 
comprises a surface or material to absorb atoms and/or molecules of the 
energy releasing material 56. Such surfaces or materials to absorb 
hydrogen, deuterium, or tritium comprise transition elements and inner 
transition elements including iron, platinum, palladium, zirconium 
vanadium, nickel, titanium, Sc. Cr. rm. Co. Cu. 7n. Y, Nb. Mo. Tc. Ru, Rh. 

„ .... .... ... „ Ci ^ „ „ u Mg Le vr m Pm ^ Eu Gd Tb 0y 

Er ' Tm ' Yb ' Lu - Tn - Pa > and u >n a preferred embodiment a source of ' 
energy holes to shrink hydrogen atoms comprises a catalytic energy hole 
material 50. typically comprising electrochemical couples including the 
catalytic couples described in my previous U.S. patent application 
entitled "Energy/ Matter Conversion Methods and Structures - filed on 
April 20. 1989 which is incorporated by reference. In a preferred 
emhodunent. a source of energy holes to shrink hydrogen molecules 
composes a catalytic energy nole materia. 50. typically combing 
electrochemical coup.es including the catalytic couples that provide an 
energy hole of approximately m x *S 6 plus or minus 5 eV 

a further embodimeni ,s the vessel 52 conta.ning a mo lten |, qu .d 
or sohd solution of the catalytic couplets) and a source of hvarogen ' 
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including hydrides and gaseous hydrogen In the case of a reactor which 
shrinks hydrogen atoms, trip embodiment fur trier comprises a means to 
dissociate the molecular hydrogen info atomic hydrogen including <ne 
transition or inner U ansi; ion met als W e k-clronagnetic radiation 
5 including uv tight provided by photor. souses 75 

The present invention of an electrolytic celt energy reactor, 
pressurized gas energy reactor, and a gas discharge energy reactor, 
comprises: a means for containing a source of hydrogen, a means for 
bringing the hydrogen atoms (molecules) into contact with one of a sotid. 

10 molten, liquid, or gaseous solution of energy holes; and a means for 

removing tne lower-energy hydrogen atoms (molecules) so as to prevent 
an exothermic shrinkage reaction from coming to equilibrium. The 
present energy Invention is further described In my previous U.S. Patent 
Applications entitled "Energy/ natter Conversion Methods and 

15 Structures/ filed on April 28, 1909, December 12. 1990, and June 
1 1, 1993 and my publication. Mills. R.. Kneizys, S., Fusion Technology., 
210. (1991), pp. 65-81 which are incorporated herein by reference. 

ElectrQlvtlC En ergy fteactor 

20 An electrolytic energy reactor is described in my previous U.S. 

Patent Applications entitled 'Energy/ Matter Conversion Methods and 
Structures," filed on June 1 1, 1993. December 12. 1990. and April 28. 
1909 which are incorporated herein by reference. A preferred 
embodiment of the enerov reactor of the present invention comorises an 

25 electrolyte celt forming the reaction vessel 52 of FIGURE 5 including a 
molten electrolytic cell. The electrolytic cell 100 Is shown generally in 
f I GUHE 6. An electric current is passed through the electrolytic solution 
102 havmg an clectrocatalytic couple providing energy holes eQual to the 
resonance shrinkage energy (including the catalytic couples described in 

30 my previous U.S. Patent Application entitled "Energy/ Matter Conversion 
Methods and Structures/ filed on April 26. 1909 which is incorporated 
by reference) by the application of a voltage to an anode 104 and cathode 
106 by the power controller 108 powered by tne power supply » 10. 
Ultrasonic or mechanical energy may also be imparted to the cathode 106 

35 and electrolytic solution 102 by vibrating means 1 12 Heat is supplied to 
ttif- electrolytic solution 102 by neater I M The pressure of the - 
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electrolytic cell ;oo ij. compiled bv , )ressorc . reoulator mean-. n< 
wnere the cell .s closed The reactor (urther comprises a means (0 | 
that removes the lower -energy hydrogen such as a selective vntmg 
valve to prevent tr* exOir. ? r f f !C shrinkage reaction from commq to 
5 equilibrium 

In a preferred emf.oo.ment. me electrolytic cell , s operated al ?e r 0 
voltage gap by applying 3n overpressure of hydrogen with hvdrogen 
source 121 where the overpressure is controlled by pressure control 
means 122 and 1 16 water is reduced to hydrogen and hydroxide at the 
10 cathode 106, and the hydrogen Is oxidized to protons at the anode I0<i 

An embodiment of the electrolytic cell energy reactor, comprises a 
reverse fuel cell geometry which removes the lower-energy hydrogen 
under vacuum. A preferred cathode 106 of this embodiment has a 
modified gas diffusion tayer and comprises a gas route means Including a 
15 first Teflon membrane filter and a second carbon paper/Teflon membrane 
filler composite layer. A further embodiment comprises a reaction 
vessel that is closed except for a connection to a condensor MO on the 
top of the vessel 100. The cell is operated at a boil such mat the steam 
evolving from the boiling electrolyte 102 l S condensed in the condensor 
"40. and the condensed water is returned to the vessel 100 The lower- 
energy state hydrogen is vented though the top of the condensor mo In 
one embodiment, the condensor contains a hydrogen/oxygen recombiner 
145 that contacts the evolving electrolytic gases. The hydrogen and 
oxygen are . ecumbinco. and the resulting water is returned to the vessel 
100. fhe heat released from the exothermic reaction whereby the 
electrons of the electronically produced. hydrogen atoms (molecules) 
are induced to undergo transitions to energy levels below the "ground 
state' and the heat released due to the recombination of the 
olectrolytically generated normal hydrogen and oxygen is removed by a 
heat exchanger 60 of FIGURE 5 which is connected to tne condensor MO. 

in vacuum, in the absence of external fields, the energy bole to 
stimulate a hydrogen atom (molecule) to undergo a shrinkage transition 
•s n X ?/.?! ev (n x /J8.6) where n is an integer. This resonance 
shrinkage energy 1S altered when the atom (molecule) ,s in a media 
different from vacuum An example is a hydrogen atom (molecule) 
absorbed .0 the cathode 106 present in the aqueous electrolytic soM.on 
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10? having 3 n applied clear* field ana an intrinsic or applied magnetic 
field provided Oy external magnetic rield generator 75 unoer u»ese 
conditions the energy hole required is slightly different from n x 27.21 
eV (r, x 486) Thus, a source of en*i$y holes including electrocatalyt >c 
5 couple react ams is selected which has a redox energy resonant with the 
resonance shrinkage energy when operating under these conditions In 
the case where a nickel cathode 106 is used to electrolyze an aqueous 
solution 102 where the cell is operating within a voltage range of I 4 to 
5 volts, the KVK* andRb* (FeWu- and Sc3vSc>) couples are 
10 preferred embodiments to shrink hydrogen atoms (molecules). 

The cathode provides hydrogen atoms (molecules), and the 
shrinkage reaction occurs at the surface of the cathode where hydrogen 
atoms (molecules) and the electrocatalytlc couple are In contact. Thus, 
the shrinkage reaction is dependent on the surface area of the cathode 
For a constant current density, giving a constant concentration of 
hydrogen atoms (molecules) per unit area, an increase in surface area 
increases the reactants available to undergo the shrinkage reaction. 
Also, an Increase in cathode surface area decreases the resistance of the 
electrolytic cell which improves the electrolysis efficiency. A 
preferred cathode of the electrolytic cell including a nickel cathode has 
the properties of a high surface area, a highly stressed and hardened 
surface such as a cold drawn or cold worked surface, and a large number 
of grain boundaries. 

in a preferred embodiment of the electrolytic ce!! energy reactor, 
the source of energy holes Is Incorporated into the cathode, mechanically 
by methods including cold working the source of energy holes into the 
surface of the cathode, thermally by methods including melting the 
source of energy holes into the surface or the cathode and evaporation of 
a solvent of a solution of the source of energy holes in contact with the 
30 surface of the cathode, and electrostatically by methods Including 
electrolytic deposition, ion bombardment, and vacuum deposition 

The shrinkage reaction rate is dependent upon the composition of 
the cathode 106. Hydrogen atoms (molecules) are reactants to produce 
energy via the shrinkage reaction Thus, the calhode must efficiently 
provide a hign concentration of hydrogen atoms (molecules). The cathode 
IC6 is comprised of any conductor or semiconductor including transition 
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elements and compounds, acttnide and lantnamde elements and 
compounds, and group IMS and IVB elements and compounds. Transition 
metals dissociate nyorogen gas Into atoms lo 3 more or lesser extent 
depending on tlv rneial Nicfctl and manium rframiy dissociate hydrogen 
5 molecules and are preferred embodiments for shrinking r.ydrogen atoms. 
The cathode can alter the energy o r ine absorbed hydrogen atoms 
(molecules) and aftecl the energy ol the shrinkage read ion A cathode 
material is selected which provides resonance between the energy hole 
and the resonance shrinkage energy In the case of the k>/k> couple with 
10 carbonate as the counterion for catalyzing the shrinkage of hydrogen 
atoms, the relationship of the cathode material to the reaction rate is: 

Pt < Pd << Tl, Fe < Ni 
This is the opposite order of the energy released when these 
materials absorb hydrogen atoms. Thus, for this couple, the reaction rate 
15 Is increased Dy using a cathode which weakly absorbs the hydrogen 
atoms with little perturbation of their electronic energies. 

Also, coupling of resonator cavities and enhancement of the 
transfer of energy between them is increased when the media Is a 
nonlinear media such as a magnetized ferromagnetic media. Thus, when 
20 a paramagnetic or ferromagnetic cathode Is used, the cathode increases 
the reaction rate (coupling or the hydrogen and eiectrocatalytic couple, 
energy hole, resonator cavities) by provldinga nonlinear magnetized 
media. Alternatively, a magnettc field is applied with the magnetic field 
ijC-r»erator 75. riagrietic fields at tr>e cathode- a iter trie energy of 
25 absorbed hydrogen and concomitantly alter the energy which effects 
shrinkage, nagnelic fields also perturb the energy of the 
eiectrocatalytic reactions by altering the energy levels of the electrons 
involved in the reactions The magnetic properties of the cathode are 
selected as well as the strength of the magnetic field which is applied 
30 by magnettc field generator 75 to ootinrme shrinkage reaction ratc-the 
power output A preferred ferromagnetic cathode is nickel 

A preferred method to dean the cathode of the electrolytic cell 
including a nickel cathode is to anodize the cathode in a basic 
electrolytic solution including approximately 0.57 M X2CO3 (X is the 
35 alkali cation of the electrolyte including K) and to immerse the cathode 
:n a dilute solution of M0O2 In a further embodiment of the cleaning 
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method, cyclic vdlarvtry « ,u. a second electrode of the some materii 
w »* fust cathode .s ceriorwo Tr* cathode is the.. thoroughly , ,„ J d 
wiih distilled water Organic mater.al on the surface of the cathode ' 
inhibits the catalytic reaction v.1ei *■>• -,i>e electron? c : the 
5 electronically produced hycrogen atom;, (molecules) are induced to 
undergo transitions to energy levels oelow the "ground state Clean.™ 
by this method removes the organic material from the cathode surface 
and adds oxygen atoms onto the cathode surface Doping the metal 
surface, including a nickel surface, with oxygen atoms by anodizing the 
10 cathode and cleaning the cathode in H 2 0 2 greatly increases the power 
output by decreasing trie bond energy between the metal and the hydrogen 
atoms (molecules) which conforms the resonance shrinkage energy 0 f the 
absorbed hydrogen to the energy hole provided by the electrocatalytic 
couple including the KVk* (Sc3 vSc^ ) couple. 
15 Different anode materials have different overpotentlals for the 

oxidation of water, which can affect ohrnlc losses. An anode of low 
overpotentlal will increase the efficiency. Nickel, platinum and 
d.rnensionally stable anodes including platinized titantium are preferred 
anodes. In the case of the KVK- electrocatalytic couple where 
carbonate Is used as the counterion. nickel .s a preferred anode Nickel 
is also a preferred anode for use in basic solutions with a nickel cathode 
Nickel is inexpensive relative to platinum and fresh nickel ts 
electroplated onto the cathode during electrolysis. 

A preferred method to clean a dimensional Iv stable anon, inr .„*,,«, 
a Platinized titanium anode is to place the anode in approximately 3 M ** 
MCI for approximately 5 minutes ana then to r inse it with distilled 
water. 

m the case of hydrogen shrinkage, hydrogen atoms at the surface of 
the cathode 106 form hydrogen gas which can form bubbles on the 
surface of the cathode. These bubbles act .as an boundary layer between 
the hydrogen atoms and the electrocatalytic couple. The boundary can be 
ameliorated by vibrating the cathode and/or the electrolytic solution 
10? or by applying ultrasound with vibrating means I and by addinn 
netting agents U> the electrolytic solution 10? to reduce the surface 
tension of the water and prevent bubble formation. The use of a catnode 
"avmg a smooth surface or a wire cathode prevents gas adherence And 
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an intermittent current, provided by an on-off circuit of power 
controller 106 provides periodic replenishing of hydrogen atoms which 
are dissipated by hydrogen ga5 lormaiion followed by diffusion into me 
solution while preventing e*c*ssive hydrogen gas formal ion which could 
3 form a boundary layer. 

The shrinkage reaction is temperature dependent nost chemical 
reactions double their rates for each 10 *C rise in temperature 
increasing temperature increases the collision r3te between the 
hydrogen atoms (molecules) and the electrocataiyttc couple which will 
10 increase the shrinkage reaction rate. With large temperature excursions 
from room temperature, the kinetic energy distribution of the reactants 
can be sufficiently altered to cause the energy hgole and the resonance 
shrinkage energy to conform to a more or lesser extent. The rate is 
proportional to the extent of conformation or resonance of these 
15 energies. The temperature is adjusted to optimize the shrinkage 
reaction rate-energy production rate. In the case of the K-/K* 
electrocataiytlc couple, a preferred embodiment Is to run the reaction at 
a temperature above room temperature by applying heat with heater I M. 
The shrinkage reaction is dependent on the current density. An 
20 Increase in current density is equivalent, In some aspects, to an increase 
in temperature. The collision rale increases and the energy of the 
reactants increases with current density. Thus, the rate can be 
increased by increasing the collision rate of the reactants; however, the 
rate may be increased or decreased depending on the effect of the 
25 increased reactant energies on the conformation of the energy hole and 
the resonance shrinkage energy. Also, increased current dissipates more 
energy by ohmic neating and may cause hydrogen bubble fonnation, in the 
case of the shrinkage of hydrogen atoms. But. a high flow of gas may 
dislodge bubbles which diminishes any hydrogen gas boundary layer. The 
30 current density is adjusted with power controller 108 to optimize the 
excess energy production, in a preferred embodiment, the current 
density is in the range I to 1000 mill lamps per square centimeter. 

The pH of the aqueous electrolytic solution 102 can affect the 
shrinkage reaction rate in the case that the elecuocataiytic couple is 
35 positively charged, an increase in the dh will reduce the concentration of 
hydronium at the negative cathode, thus, the concentration of the 
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etectrocatatytK coup;* Cations will increase An increase m react an; 
concentration increases the reaction rale. In the case of the K*/k> or 
fttv (Sc^/Sc**) couple, a preferred pH is basK. 

The counterion of the ei*r trocatalytic couple o» the electrolytic 
5 solution 10? can affect the shrinkage reaction rate by altering the 

energy of the transition state For example, the transition state complex 
of tne K*/K * electrocatalyt ic couple with the hydrogen atom has a plus 
two charge and involves a three body collision which is unfavorable a 
negative two charged oxyanion can bind the two potassiums; thus, it 
10 provides a neutral transition state complex of lower energy, whose 
formation depends on a binary collision which Is greatly favored. The 
rate Is dependent on the separation distance of the potassium ions as 
part of the complex with the oxyanion. The greater the separation 
distance, the Jess favorable is the transfer of an electron between them. 
15 A close juxtaposition or the potassium Ions will increase the rate. The 
relationship of the reaction rate to the counterion In the case where the 
)WK* couple Is used is : 

OH "< P0 4 3~, HP0^2 < 50^2- « C0 3 2-. 

Thus, a planar negatfve two charged oxyanion including carbonate 
20 with at least two binding sites for K* which provides close 

juxtaposition of the K* ions is preferred as the counterion of the K*/K* 
electrocatalytic couple The carbonate counterion is also a preferred 
counterion for the ftt>* couple. 

Apewer controller ICS cc-,pr;5*.r.g ar. n-.temiitUm. current, on-off, 
25 electrolysis circuit will increase the excess heat by providing 

optimization of the electric field as a function of time whtch provides 
maximum conformation of reactant energies, provides an optimal 
concentration of hydrogen atoms (molecules) while minimizing ohmlc 
and electrolysis power losses and. in the case of the shrinkage of 
30 hydrogen atoms, minimizes the formation of a hydrogen gas boundary 
layer The frequency, duty cyc)e, peak voltage, step waveform, peak 
current, and offset voltage are adjusted to achieve the optimal shrinkage 
reaction rate and shrinkaqe reaction power while minimizino ohmlc and 
electrolysis power losses In the case where the KVK* electrocataivtic 
35 couple is used with carbonate 35 the counterion; nickel as the cathode; 
ano platinum as the anode, a preferred embodiment is to use an 
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intermittent Square- wave having an offset voltage of approximately i .1 
volts 10 2 2 votts : a peak voltage o? approximately I 5 volts to 3 75 
volts, apeak current of approximately \ mA to 100 mA per square 
centimeter of cathode Surface area, approximately a 53-902 ouly cycle. 
5 and a frequency in the range or I H? lo 1500 H2 

Further energy can be released by repeating the shrinkage action 
The atoms (molecules) which have undergone shrinkage diffuse into the 
cathode lattice, a cathode J06 is used which win facilitates multiple 
Shrinkage reactions of hydrogen atoms (molecules). One embodiment is 
10 to use a cathode which is fissured and porous to the electrocatalytic 
couple such that It can contact shrunken atoms (molecules) which have 
diffused into a lattice, including a metal lattice. A further embodiment 
is to use a cathode of alternating layers of a material which provides 
hydrogen atoms (molecules) during electrolysis including a transition 
metal and an electrocatalytic couple such that shrunken hydrogen atoms 
(molecules) periodically or repetitively diffuse into contact wtth the 
electrocatalytfc couple. 

The shrinkage reaction is dependent on the dielectric constant of 
the media. The dielectric constant of the media alters the electric field 
at tin? cathode and concomitantly alters the energy of the reactarus 
Solvents of different dielectric constants have different solvation 
energies, and the dielectric constant of the solvent can also lower the 
overpotentla! for electrolysis and Improve electrolysis efficiency A 
solvent, including water. ; 5 selected for the electronic solution ;c2 
which optimizes the conformation of the energy hole and resonance 
shrinkage energy and maximizes the efficiency of electrolysis. 

The solubility of hydrogen in the reaction solution is directly 
proportional to the pressure of hydrogen above the solution Increasing 
the pressure increases the concentration of reactant hydrogen atoms 
(molecules) at the cathode 106 and thereby increases the rate. But. in 
the case of the shrinkage of hydrogen atoms this also favors the 
development of a hydrogen gas boundary layer. The hyorogen pressure is 
controlled by pressure regulator means l 16 to optimize the shrinkage 
reaction rate. 

35 The heat output is monitored with thermocouples present in at 

least the vessel IOO and the condensor MO of FIGURE 6 and the heat 
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exchanger 60 oi Figure 5 The outou! power is t orn roiled t>y a 
computerized monitoring and control system which monitors trie 
thermistors and controls the means to alter the power output. 

5 Pressuriz ed Gas Energy Pnar jqt 

A pressurized gas energy reactor comprises the first vessel 200 of 
FIGURE 7 containing a source or hydrogen including hydrogen from metal- 
hydrogen solutions, hydrogen from hydrides, hydrogen from the 
electrolysis of water, or hydrogen gas. In the case of a reactor which 
10 shrinks hydrogen atoms, the reactor further comprises a means to 
dissociate the molecular hyorogen into atomic hydrogen such as a 
dissociating material including transition elements and inner transition 
elements including iron, platinum, palladium, zirconium, vanadium, 
nickel, titanium, 5c, Cr. Mn, Co, Cu, Zn, Y, Nb, Mo, Tc. Ru/fth, Ag, Cd,' La, 
15 Hi, Ta, W, Re, OS, Jr, Au, Hg, Ce, Pr, Nd, Pm, 5m, Fu. Gd. Tb, Oy, Ho, Er, Tm, 
Yb, Lu, Th, Pa, and U or electromagnetic radiation including uv light 
provided by photon source 205 such that the dissociated hydrogen atoms 
(molecules) contact a molten, hquld, or solid solution of the energy 
holes (including the catalytic couples described In my previous U.S. 
20 Patent Application entitled 'Energy/ natter Conversion Methods and 

Structures," filed on April 28, 1969 which is incorporated by reference). 
The pressurized gas energy reactor further comprises a means 201 to 
remove the lower-energy hydrogen such as a selective venting valve to 
prevent the exothermic shrinkage reunion fmm rnmi™ tn ^.ihhri,^ 
One embodiment comprises heat pipes as heat exchanger 60 of FIGURE 5 
which have a lower-energy hydrogen venting valve at a cold spot. 

A preferred embodiment of the pressurized gas energy reactor of 
the present invention comprises a first reaction vessel 200 with inner 
surface 240 comprised of a material to dissociate the molecular 
30 hydrogen into atomic hydrogen including the transition or inner 

transition metals. The first reaction vessel 200 is sealed in a second 
reaction vessel 220 and receives hydrogen from source 221 under 
Pressure which is controlled by pressure control means 222 The wall 
250 of the first vessel 200 is permeable to nyorogen The outer wall 
245 and/or outer vessel 220 has a source of energy holes equal to the 
resonance Shrinkage energy in one embodiment the source of energy 



25 



35 



WO 94/29*73 FCT/USSM/022 19 



l?3 

holes is a solution containing energy holes in the molten, liquid, or solid 
state in another embodiment an electric current is passed through the 
material having a source of energy holes The reactor further comprises 
a means to control the reaction rate such as current source ??5 and 
5 heating means 230 which heat the first reaction vessel 200 and the 
second reaction vessel 220 In a preferred embodiment the outer 
reaction vessel 220 contains oxygen, the inner surface 240 comprises 
one or more of a coat of nickel, platinum, or palladium. The outer 
surface 245 is coated with one or more of copper, tellurium, arsenic. 
10 cesium, platinum, or palladium and an oxide such as CuOx, PtOx, PdO*, 
MnOx, AlOx, StOx. The electrocatalytic couple is regenerated 
spontaneously or via a regeneration means including heating means 230 
and current source 225. 

In another embodiment, the pressurized gas energy reactor 
15 comprises only a single reaction vessel 200 with a hydrogen 

impermeable wall 250. In the case of a reactor which shrinks hydrogen 
atoms, one or more of a hydrogen dissociating materials including the 
transition and inner transition elements are coated on the inner surface 
240 with a source of energy holes including one or more of copper, 
20 tellurium, arsenic, cesium, platinum, or palladium and an oxide such 2s 
CuOx, PtOx, PdOx, MnOx, AIO Xl SiO*. In another embodiment, the source 
of energy hole Is one of a inelastic photon or particle scattering 
reactions), in a preferred embodiment the photon source 205 supplies 
the energy hoies where the energy hoie corresponds io SOfi'tiiidU-o 
25 emission by the photon, tn tlx? case of a reactor which shrinks hydrogen 
atoms the photon source 205 dissociates hydrogen molecules Into 
hydrogen atoms. The photon source producing photons of at least one 
energy of approximately n X 27.21 eV. n/2 X 27.21 eV, or 40.8 eV causes 
stimulated emission of energy as the hydrogen atoms undergo the 
30 shrinkage reaction, in another preferred embodiment, a photon source 
205 prooucing photons of at least one energy of approximately n x 40 6 
eV. 95 7 ev, or n x 3 1.94 eV causes stimulated emission of energy as the 
hydrogen molecules undergo the shrinkage reaction 

A preferred inner surface. 240, and outer surface, 245, of the 
35 pressurized gas energy reactor including a nickel surface has the 

proC'tTUes of a high surface area, a highly stressed and hardened surface 
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such as a cold drawn or cold wo r keo surface, and a large number of grain 

in a preferred embodiment 0 r u»e pressurised energy reactor 
me source of energy holes is incorporateo into the inner surface, ?40, 
5 and outer surface, 2<15, mechanically by methods including cold working 
the source of energy holes into the surface material. thermally by 
methods including melting the source of energy holes into the surface 
material and. evaporation of a solution of the source of energy holes in 
contact with the surface material, ana electrostatically by methods 
10 including electrolytic deposition. Ion bombardment, and vacuum 

deposition. A preferred method to clean the Inner surface 2-10 and the 
outer surface 245 including a nickel surface Is to fill the inner vessel 
and the outer vessel with a basic electrolytic solution including 
approximately 0.57 n X2CO3 (X Is the alkali cation of the electrolyte 
15 including K) and to fill the inner vessel 3nd the outer vessel with a 

dilute solution of H2O2. Each of the inner vessel and the outer vessel Is 
then thoroughly rinsed with distilled water. In one embodiment, at least 
one of the vessel 20O or the vessel 220 is then filled with 3 solution of 
the energy hole including an approximately 0.57 n K2CO3 solutloa 
20 m one embodiment of the method of operation of the pressurized 

gas energy reactor, hydrogen is introduced Inside of the first vessel 
from source 221 under pressure which Is controlled by pressure control 
means 222. in the case of a reactor which shrinks hydrogen atoms, the 

mOlPCUlar hydrogen is dlSSO^^^^ inln atnmir hv/1rAnAr> hw a rllecsw-1 <*t >r>n 

25 material or electromagnetic radiation including UV light provided by 
photon source 205 such that the dissociated hydrogen atoms contact a 
molten, liquid, or solid solution or the energy holes. The atomic 
(molecular) hydrogen releases energy as its electrons are stimulated to 
undergo transitions to lower energy levels by the energy holes. 
30 Alternatively, the hydrogen dissociates on the inner surface 240, 
diffuses though the wan 250 of the first vessel 200 and contacts a 
source of energy holes on the outer surface 245 or a solution of energy 
holes in the molten, liquid, or solid state as hydrogen atoms or 
recombined hyorogen molecules. The atomic (molecular) hydrogen 
35 releases energy as its electrons are stimulated to undergo transitions to 
lower energy levels by the energy holes. The electrocatalytlc couple is 
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regenerated sponleneouMy ,,, via a regenerate means inc.„d.no 
means 230 an. curren, so.ee 225. The tower-energy nyd e s ? 
emove, mom vesse, 200 .na/or vesse. 720 oy a w Vi. ^ (h(? 

«!m, 1 ' W0,hWm,c ****** re3C, ' 0n ,rc "" c — 9 >o 

current « passe, trough the materia, having a source of energy )0 L 
qua, to lne resonance shrinkage energy w ,th current source 225 ! oL 
the frst reaction vessel 200 and the second reaction vessel 220 are 
) heated t>y heating means 230. The heat output is monitored ^ 

contnwl n ^ 6 ° °' 5 Th<? * 

controlled by a computerized monitoring and control system which 

monitor, the therm.stors and controls the means to aU ^ the power 

cutout tne .ower-energy hydrogen ,s removed by a means 20 , T 

Prevent the exothermic r.rinKage reaction from coming to equilibrium 

Sag . Discharge ^er^aea.clQ£ 

A gas discharge energy reactor comprises a hydrogen isotope oas 
WW glow discharge vacuum chamber 300 of FJ6URfc" 8 a h drcl n 

Z?™ZT SUPP " eS " W ^control 

ca noue ^ „ S0UrCC 330 l ° C3USe current to between a 

r™;;^—^^.. 70 - 6 ^ r — — " • -ce 
^age- Clocking lte cata.y'uc cou .es d s 1^^™^ 

^r.uctures. fled on Apri. 28. .989 which is incorporated by reference) 
ana/or approximately m X 40.6 ev to cause mo.ecu.ar hydrogen 

Z^TsT ''.r intG9Cr A ^'"^ C3tn °<* 305 'or shrinking 
hydrogen atoms is a palladium cathode whereby a resonant enernv hoi* it 

rr A y r :r anon ° r to ^ r; ,s 

cunent A second preferred cathode 305 for shrinking hydrogen atoms 
comprises a source of energy holes via electron transfer to The d'cnLe 
urrent ,nc,uding at le3SI one ot Platinum Tin" Z 

tellurium and a hydrogen oissocia„ng means such as a source of 
electromagnetic rad.anon including UV hght provided t>y pn ot0 n source 
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350 or is liydroqen dissociating material including the transition 
elements and inner transition elements including iron, platinum, 
palladium, zirconium, vanadium, nickel, titanium. Sc. Cr. Mn. Co. Cu. ?n. 
V. No. no. 7c, Ru. &h, Ag. Cd. La. Hi". Ta. w. Re, Os. Ir, Au. Hg. Ce, Pr. Nd. 
5 Pm. 5rn. fu. Cd. Tb. Oy. Ho. Fr. Trr». yd. iu. Th. Pa. ?,nd u The reactor 
further comprises a means to control the energy dissipated in Ihe 
discharge current when electrons are transferred from an electron 
donating species to provide an energy hole for hydrogen atoms 
(molecules) including pressure controller means 325 and current 
10 (voltage) source 330. The gas discharge energy reactor further 

comprises a means 30! to remove tne tower-energy hydrogen such as a 
selective venting valve to prevent the exothermic shrinkage reaction 
rrom coming to equilibrium. 

In another embodiment of the gas discharge energy reactor, the 
15 source of energy hole is one of a Inelastic photon or particle scattering 
reactions), in a preferred embodiment the photon source 350 supplies 
the energy holes where the energy hole corresponds to stimulated 
emission by the photon, in tne case of a reactor which shrinks hydrogen 
atoms, the photon source 350 dissociates hydrogen molecules Into 
20 hydrogen atoms. The photon source producing photons of at least one 
energy of approximately n X 27.21 cv. n/2 X 27.21 ev, or 408 eV causes 
stimulated emission of energy as the hydrogen atoms undergo the 
shrinkage reaction, in another preferred embodiment, a photon source 
350 producing photons of zt least one energy- c: approximate!? p. X .15.6 
ev, 95.7 ev*, or n x 31.94 ev causes stimuiaieo emission of energy as the 
hydrogen molecules undergo the shrinkage reaction. 

in another embodiment, o magnetic field is applied by magnetic 
field generator 75 of Figure 5 to produce a magnetised plasma of the 
gaseous ions which is a nonlinear media Coupling of resonator cavities 
30 and enhancement of the transfer of energy between them is increased 
when the media is nonlinear Thus, the reaction rate (coupling of the 
hydrogen and energy hole resonator cavities) is increased and controlled 
by providing and adjusting the applied magnetic field strength. 

«n one embodiment of the method or operation of the gas discharge 
energy reactor, hydrogen from source 322 is introduced inside of the 
chamber 300 through conirol valve 325. a current source 330 causes 



25 



35 



WO W23S7J 



rCT/US!W022l9 



127 



10 



15 



current to pass Df tween a cau«de 505 and an anoae 320 The hydrogen 
contacts Ihe cathode which comprises a source cf energy holes of 
approximately m x 71 ?\ ev to cause atomic hydrogen "shrinkage" ano 
approximate ly rn x 46 6 ev \o cause molecular hydrogen "shrinkage" 
b where m is an integer in a preferred embodiment, electrons are 

transferred from an electron donating species present on the cathode 
305 to the discharge current io provide energy holes for hydrogen atoms 
(molecules). In the case of a reactor which shrinks hydrogen atoms, the 
molecular hydrogen is dissociated into atomic hydrogen by a dissociating 
material on the cathode 305 or by a source of electromagnetic radiation 
including UV light provided by photon source 350 sucft that the 
dissociated hydrogen atoms contact a molten, liquid, or solid solution of 
the energy holes The atomic (molecular) hydrogen releases energy as its 
electrons are stimulated to undergo transitions to lower energy levels 
by the energy holes. The energy dissipated in the discharge current when 
electrons are transferred from an electron donating species Is controlled 
to provide an energy hole equal to the resonance shrinkage energy for 
hydrogen atoms (molecules) by controlling the gas pressure from source 
322 with pressure controller means 325 and the voltage with the current 
(voltage) source 33a The heat output is monitored with thermocouples 
present In at least the cathode 305, the anode 320, and the heat 
exchanger 60 of figure 5. The output power is controlled by a 
computerized monitoring and control system which monitors the 
ihermi 5 f or S ?nd controls tne means to 3»er the power output. The 
25 lower-energy hydrogen is removed by a means 301 to prevent the 
exothermic shrinkage reaction from coming to equilibrium. 

Refrigeration Mparv; 

A further embodiment of the present invent ion comprises a 
refrigeration means which comprises the electrolytic cell of FIGURE 6. 
the pressurized hydrogen gas cell of FIGURE 7, and the hydrogen gas 
discharge cell of FIGURE 6 of the present invention wherein a source of 
lower-energy atomic (molecular) hydrogen is supplied rather than a 
source of normal hydrogen The lower-energy hydrogen atoms are 
reacted to a higher energy state with the absorption of heat energy 
according to the reverse of the catalytic shrinkage reaction such as that 
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(Jiven by | :0 S M3^5); (47-49). (50-52), (53-5S); (36-50). (5<>6j> (G2 - 
64); (65-67); (66-70). (71-73). and (74-76) The lower-energy hydrogen 
molecules are reacted to a higher enerciy state witn the absorption of " 
he?»l energy according t 0 trie reverse of the catalytic shrinkage reaction 
such as that given t>y Eqs (2S2-28D, {285-267), (288-290), (292-294) 
and (295-297) In Ihrs embodiment, means 101. 201 and 301 of F/GUR£$ 
6, 7. and 0. respectively, serve to remove the normal hydrogen such as a 
selective venting valves to prevent the endothermic reaction from 
coming to equilibrium. 

mBiflENTA^^ Of THF PRFSFNT THFOftY 
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ilojlt_v/ate r Calorimetr y Experim ents 

We report that excess heat was observed during the electrolysis of 
aqueous potassium carbonate OC/K* electrocatalytic couple); whereas 
no excess heat was observed during the electrolysis of aqueous sodium' 
carbonate. The present experimental results are consistent with the 
release of heat energy from hydrogen atoms where pairs of potassium 
ions (KVK* electrocatalytic couple) induce the electrons of hyorogen 
atoms to relax to quantized energy levels below that of the 'ground 
state" by providing energy boles each of 27.20 eV which stimulate these 
transitions. The balanced reaction is given t>y tqs. (43-45). No excess 
heat was observed when K2CO3 was replaced by Na 2 C0 3 . For sodium or 
sodium ions no elpr.rror^pjyf ir reaction of 2?prox»™**-i" 070, .v 
25 possible. Eq.(46). 

Met hods 

A search for excess heat during the electrolysis of aqueous 
potassium carbonate (K*/K* electrocatalytic couple) was Investigated 
using single cell silvered vacuum jacketed dewars To simplify the 
calibration of these cells, they were constructed to nave primarily 
conductive heat losses Thus, a linear calibration curve was obtained 
Two methods of differential calorimetry were used to determine the cell 
constant which was used to calculate the excess enthalpy First the cell 
constant was calculated curing the experiment Con-the-f ly-ralttrat ion) 
by turning an internal resistance heater off ana on, and inferring the cell 



30 



35 



l?2-Jul -97 9:09a) 



wo 9*nm.\ 

PCT/US94/022I9 



i?9 



constant Horn the O\ttnro-r t k„ 

* uiFfcrc.,ct between the Josses with aM 

heater ^ood. the cell cons.an. was «e,«d w h Wlh0W 

Processes occurring , y lurnlnQ afl J^,™ ^1 "° e,ec,ro *« 

'or a well stirred * war ct ll .„ 3 ' res,s, **e healer or. and on 

* d.ir W ™« Oe.ween the H^^^: ST"' '* 
over-estimates (he ecu constant n-cTus T * 
adds to the neat losses) * '* 00 9 " " 0w 

«J1ZT f0fm °' "* ^ — — ror ,„e ce„ ln 

0 = p oppl • 0|.tr * - p - o 
w,ier ^ %„. is the electrolysis power o <298) 

heater. O xs is the excels * P ° Wer input lo the 

xs ^ txce^s neat power oeneratvri hu 

access; „ lhe powcf remove(J J™*«» ^^ogen shrinkage 

•5 aqueous solution is electro I vwdTL Wh<?n 30 

e»ectro, y5ts power 7! £ > b ™*^°Q™ ^nd oxygen gasses. 

%P,=C^t; Z ^ P — — wo ter ms: 

An expression for P r-c ^ 9 (299) 

UM ,Uf 'gas* " tgasi) is readily obtain** f r ^ *w 

✓ r «^ r ooo> 
lh »' raraday"s constant), which 

yields Eg-*- 1.46V for the reaction 



(30 1 J 



"The net faradaic effir»nnr« 
Tl 'cell * (t fl p pl - l.48V)j 

,h e cefl was calibrated for hP*t (302 
"eater orr ano on wh " Zi n l " " ^ ™ 

30 .osses w,t, mQ wil , wl Z'^l :: e aT,ol? ref>Ce ^ "* 
conducive losses througn the too oMn/1 * 
on. the ,osses were g.ven oy ^ V "*° "* «* 



^<Tc - To) • P^, • 0 • 0,, - P, 



(303) 
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wi-ifrrc c is the conductive heat loss coefficient, T D 15 amount 
temperature and l c is the ceil temperature When a new steady st3te is 
established with the heater on, the losses change to 

where a prime superscript indicates a changed value when the heater 
was on. When the following assumptions apoly 

°xs = °*s. p appi = p opoI. p gos = Pqtis <30S) 

the celt constant or heating coefficient a. the reciprocal of the 
conductive toss coefficient^), Is given by the result 

* V - Ic 

* O htr (306) 
in 31) heater power calculations, the following equation was used 

°htr = ChtrW (307) 
In the case of intermittent square wave electrolysis with current 
only duriny the high voltage Interval of the cycle. P appr of Eq. (299) Is 
!T> calculated as the product of the peak voltage and the peak current and 
the duty cycle. Dc, which Is the pulse length divided by the period. 

p epp) = ( teop|I)Dc «= (Pqj,, * P^Dc (308) 
In the case of intermittent square wave electrolysis with current only 
during the high voltage Interval of the cycle and wnere the net Xanadalc 
20 efficiency of gas evolution is assumed to be unity, P con of Eq. (302) 
becomes 

p c*l! - KEappi - l-^8V)i)D c (309) 

Experiments * J. *2. and *3 
25 The present experiments were carried out by observing and 

comparing the temperature difference, AT |=T(electrolysis only) - 
T(blank) and Al 2 ■> Kresistor heating only) -T(blank) referred to unit 
input power, between two identical 350 ml silver-coated vacuum- 
jacketed dewars. One of the calorimeter dewars having the same 
30 configuration ana containing the same amount of electrolyte, same : 
electrodes (nickel cathode and Pt anode), resistor- heater, thermistor, 
stirred at the same speed, was used as the blank. In tms dewar neither 
electrolysis nor heating by tne resistor was carried out. Experiments 
were also carried out by using the blank dewar from a previous 
35 experiment as cne working dewar and vice versa This exchange was done 
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Jo ensure thyt tlx- effect is no i ou? to any difference in u>e merm;,! 
properties of the two specific dewars used Lach cell was assembled 
comprising a 350 ml silvered vacuum jacketed dewa' (Cole Palmer Model 
"6600) with a 7 cm opening covered with a 0 75 inch Ihiek Sfyrofoam 
stopper lined with Para film 

The experimental apparatus for the differential caionmetry used for 
these studies is shown in f iGWt 9. 
The heating coefficients were calculated from 

The outside of the cells were maintained 3t ambient air 
temperature which was monitored. Ambient temperature fluctuations 
per 24 hours were typically less than 0.15 *C. 

The cathode comprised 7A meters of 0.127 mm diameter nickel 
15 wire (99 % Alfa « 10249, cold drawn, clean Ni wire) that was coUed 
about the central Pt anode. The cathode was cleaned by placing it in a 
beaker of 057 M K2CO3 /3% H2O2 for 30 minutes and then rinsing it with 
distilled water. The leads were inserted into Teflon tubes to insure that 
no recombination of the evolving gases occurred. 
20 The anode was a JO cm by I mm diameter spiraled platinum wire 

(Johnson Matthey) with a 0. 127 mm Pt lead wire The leads were 
inseriod mt 0 Te f ion lubes to prevent rec nmSth ^'^ u ^ w m a 
evolving gases. 

The cathode-anode separation distance was l cm. 
25 as usual fn electrochemistry, measures were taken to avoid 

impurities in the system, especially organic substances. We note here 
the known problems with the reproducibility of the hydrogen 
overpotentlal which can he overcome only dy ensuring the lowest 
possiDle level of impurities The following procedures were applied in 
30 order to reproduce the excess heat effect. Before starting the 

experiment, the electrolysis dewar was cleaned with Alconox and 0.1 n 
nitric acid and rinsed thoroughly with distilled water to remove all 
organic contaminants. The Pt anode was mechanically scoured with 
Steel wool." soaked overnight in concentrated HNO3, and rinsed with 
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distilled water The nickel cathode was removed from i i ^ comaker with 
rubber gloves, and cut and foldeo in such a way that no organic 
substances were transferred to the nickel surface. The nickel cathode 
was (JiRDed into the working solution uiwr electrolysis Current ano 
S never lei t in the working solution without electrolysis current. 

In Experiments * J and *2, the electrolyte solution was 200 ml of 

057 M aqueous K2CO3 (Aldnch K2CO3 * ^ H2O 99*%), in Experiment '3. 

the etectrofyte solution was 200 ml of 0.57 n aqueous Na2C03 (Aldrich 
N32C03 ACS. primary standard 99.95 
JO The resistance heater used A/ring calibration and operation was a 

10 ohm 1% precision metal oxide resistor in a 2 mm outer diameter 
Teflon tube The heater was powered by a variable OC voltage power 
source (1 0.5%). The heat ing power was calculated using Eq. (307) 
The electrolyte solution was stirred with by a 7 mm by 2 cm 
15 prolate spheroid magnetic stirring bar which was spun by a 6 cm long 
open magnet mounted on an open shatt revolving at 750 RPM under the 
dewar. The shaft was that of an open mixing motor (Ftexa-rlix node) 76, 
fisher). 

Elimination of erroneous attribution of the effect to temperature 
20 gradients was earned out by testing for minute spatial variations of the 
temperature over time. Three thermfstors were positioned at about 2.5 
cm apart from each other at the bottom, middle, and upper part of the 
electrolyte No difference was observed (within the limit of detection, * 

0 01 *C> . 

?5 Voltage 0.52), Current d 1%), and temperature (1 0 I *C) data 

were acquired by a data acquisition system comprising an Apple Mac ii 51 
5/60 with a NU bus adapter and the following G w instruments, Inc 
hardware GWI - 625 Data Acquisition Board, GWI - J2E Multiplexer, GWl 
- A80 Analog 8reakout System. GWI - 34W Ribbon cable. P^p, was given 

iO by Eq. (299) as the product of the voltage and the constant current, and 
p ceii was given by Eq (302). 

The current voltage parameters for Experiment ^2 were an periodic ' 
square-w3ve having an offset voltage of 1.60 volts; a peak voltage of 

1 90 volts, a peak constant current of 47 3 mA; 3 36.0% duty cycle; and a 
5 frequency of 600 Hz Peak voltage measurements were made with an 

r-sc HK->C{»no (BK model r 2i20), and the lime average current was 
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determined from .3 r^lt,,*,,,.,. „ 

cal.Dratea resistor it* , ■ ^ "waswemem r- osx) across ? 

wave... 0, : : r ,::: r ;r ,,h »» •« - - — 

■ (308) and P<fc|| was Qiven fty f(J f3W) ° cyc,r - <W. O-en „y tQ 

ecus r s ';;::;; c e ;:; c ;:;::;; hl f — cu - b * «* — »* 

fashioned from a isn ^. . closed cell was 

*r,ero, s .Tar "iTJT I** ? ^ " ? ™« 
« cyc.e or a s*,« Zc ,X n il ' T """ n9 *" '* s *«* - 

caloriraeir, „ 35 C '° s ">' 35 "M» tlx 

u iiue cry tests. A constant current /, 

the power for t n e electrons r, r PP>V W3S osed t0 5 W 

Meath.y multimttVo 0 ,S f J ' neasi »™-< was .one wi« h a 

•"ret. Sever., ^Sirwe^o 00 "^ ,n 
tightly. ' 6 rUn t0 cnsure lhe wll was sealed 

Light Water Calorlmetry Results 

CI9STl!2iS?!L n 5 PUDM5hin9 COmpan * ^caster ~PA 

electro! " ^ ? 0 1~ C Cat3 ' yl,C r " C,tan 

V 9<?n ' ,,oms 3re stimulated to relax to lower enemv 

electrons w, , 1" *° 9 " S< " U,l<re 7,,l! rt5u " s »' '« 

coefficient of tfw Tne heat'ng 

<-ieni oj the heater r un (calibration) was 4iT/w • ,„„ 

heating coerncieni of the electric * wnereas - tr * 

or excess entna.pv *J* Tr J, 7 T ™ ° ? '° W ?he p ™ ct - 
-ore nea, released in the pr^ss ^ "* ^ C ~" ,c, «"- »>< 

n^e, 7 ctt h ~a , :: ) e, : ciro,ys,s " 3 -Lt. . 

a* oj i 90 volts: a peak constant current of 47.3 
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anJ TABLE .. The output DO wer was .6 Omes the ohm.c input 00w . r 

ana ,hHT >UUS °' ek?C,ro, y sis 3t 81 «A constant current " 
ana the he.ter run of *a 2 co 5 appear in figure .2 ana Tagie . Tr,, 

hea t tap coeff.oervt of the electrons run W5S 47 T /w whereas " lh , 
neat.no coerr .cent of the heater run tcaHhration) was „ 6 C/W M 
production of excess heat was not observed 
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Almost all electrolysis experiments will be sfmihr 

o mi n 2 ^^3 case above which provide an energy hole of 
approximate ,y 27.2. eV (Eqs. (43-45)), win yleW excess heat. 
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Sta, P - H r : r 9en TranSili ° n5 10 Electronic Energy Levels Below the Ground 
star. Correspond.*" to Fractional Ouar.tu.-r, Muff , Dfrl - & iEu . (6M F J !» 

state iTlT T" 8 '""* 10 e ' CC,r ° niC >e.ow the n - , 

lc« . y * matter " a,S0 accounts for other cele-tial 
Galaxy, and w.despread sources of flux snortward of 9.2 A are rel red 

?oto^f*- £fi ^^ TcChnomics Publishing 

Company L3ncasler PA U9Q2} pp 16g . , p 9 

• As.ropnys.es. < ,oo 3) in progreS5 , °' w - n '" S ' 
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The U.,iv ?f is cr^arf.manuy comprised of hvd.-a-r, any -, 
ZTs™^ ^ r,ehUm ThCSC « — ted to 

S^ITXX^V 1 ,ow ™ ure 3n ' J co — 

f ' *. m*>Mllc nutter. However, to &t - consistent w.ir. 
grav. at.onal observant, the universe is comprised or 
weawy mieraci.no matter. „ ark maU , r . whlcn may accoun( ^ 

^ °' lhe «" h ~ s " «>« matter exists at the cola Tries 

of galax.es an. m cold interstei.ar space. The gravitationa, .nfiuen e of 

mass accounts Tor tr>e observed constant angular ve.oc.ty of „a" 
galaxies as the distance from the .ominous ga.act.c center Leases 

The identity of dark matter ,s a cosmological mystery Postulated 
assignments include f neutrinos (Davidson. A., et a... "Test of the 
decaying dark matter hypothesis using the Hopkins ultraviolet 
telescope". Nature, 351, (1991). pp. ,26-130). put a detailed search for 
signature emissions has y.elded ni . (Davidsen. A . et a. Test or t he 
decaying dark matter hypothesis using the Hook.ns ultraviolet 
telescope", Nature. 35.. (,99.). pp ,28-1301 it is anticipated that the 

2 S S ° eCtrUm °' ^ eXtreme Ultravl0,et of mterste Mar 

matter possesses the spectra, signature of dark matter. Lahov and 

rz r :z:Tz~™ f ~ ™* ~ 

"Regardless uf the or.gin. the 635 A emission observed could 

ZZ« em ' SS,0n ' S "Wo* Wr-ughoul the Galaxy 

and w.despread sources of flu* shortward of 9 1 2 A are reouired. 
Pulsar dispersion measures (Reyno.ds ,989) ind.eate a Mgn scale 

TaaZZ r, aSS ° Ci3,e0 i00i2ed ™-«^ Since the path .ength for 
ad.at.on shortward of 9.2 A is ,ow. this implies that the longing 
source must also have a .arge sca ,e height and be w.despread 
Trans.ent heaung appears unHkely. and tne steady state ionization 
rate ,s more than can re proved by cosmic ravs. the sou x-rav 
background. 6 S , ars. or hoi wh.te dwaris (Reynolds .936 " 

uCT" & ' 968) SClama ° 990) ana 5 ^ * ^™ 
-90) hove argued tha, a variety of observations can be exp.a.ned 
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by (he presence of dar;-. mattef m t"H* galaxy which decays with ::.e 
emission of radiation below 912 A 

J he flux of 635 A radiation required to produce hydrogen 
Ionization is given by ? = t„ /o x - 4.3 x JO 4 C l3 photons cm-? s* - 
5 where ^ t ne »orii?ing rale in units of JO" 13 s 1 per h atom. 

Reynolds (1986) estimates mat in the immediate vicinity of me bun. 
a steady state ionizing rate of C l5 between 04 and 3.0 »s required 
To produce this range of ionization, the 635 A intensity we observe 
would have to be distributed over 7% - 54% of the sky." 
10 Labov and Bowyer further report lLabov, S., Bowyer, S. "Spectral 

observations of the extreme ultraviolet background". The Astrophysical 
Journal, 371, (1991), pp. 810-8191 in their raw data the high resolution 
raw spectral data of the extreme ultraviolet background emitted from 
dark interstellar space covering the range 80 A - 650 A. Peaks are 
15 present at 85 A, 101 A, 1 17 A, 130 A, MO A, 163 A 182 A, 200 A, 234 A, 
261 A. 303 A, 460 A, 584 A, 608 A, and 633 A In TABLE 3, we assign 
these peaks to the hydrogen electronic transitions to energy levels 
below the "ground stale" corresponding to fractional Quantum numbers. 
Conspicuously absent Is the 256 A (48.3 eV) line of He n which 
20 eliminates the assignment of the 303 A and the 234 A lines to the He II 
transitions. 

The 304 A (40.8 eV) transition of hydrogen ts scattered by 
interstellar neutral helium giving rise to a broad He i emission centered 
at 584 A (21.21 eV) and a broad scattered hydrogen emission at about 

25 634 A ( 19.6 eV) Similarly, the 114 A (100.8 eV) transition of hydrogen 
is scattered by interstellar neutral helium giving rise to a broad He I 
emission centered at 584 A (21.21 eV) and a broad scattered hydrogen 
emission at about 141 A (67.6 eV). Also, the 182.3 A (68 eV> transition 
of hydrogen is scattered by interstellar neutral helium giving rise to a 

30 oroad He I emission centered at 504 A (21.21 eV) and a broad scattered 
hydrogen emission at about 26S A (46.8 CV). 

Another t wo- decade- old cosmological mysiery is the discrepancy 
between solar neutrino flux observed wilfi the Homestake detector f 2 l • 
0 05 5NU , and that predicted baseo on the Standard Solar nodei , 7.9 i 

35 2.6 SNU. According to the Standard Solar Model, the pp chain is the 
predominant energy sourc? of main-seuuence stars wnich commences 
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with proton proton t Ww atcorrJinc to tno f Mir 

^. « at.. 'Soar neutnnos a Held in ^ * ^ ^V"" 

OP. -107-493}; transition . Nature-. 33*, I ). <» %8) 



5 And, according co tnK m.viPi ctrn , ° 

* " im> m ooei. strong coud) nn pvrfr »• - . A 

ano neutrino f lux ber^o rhPy „„ * " 9 e " AS h " luminosity 

«.,««, by the sun derives fr om ^ " ^ 

energy .eve »s below the "grounc state ZJT '^nsu.ons to 

'0 comparable to nuclear energTs tllsloZ ' * ener9 * CS P " » lam 
the Observation by Labov Id L, f 9 * SUWH>rt ">9 tenant is 

cession line ^ZZTZIT 2 ^Z ^ * 

absence of the 256 A «w 1 ll\ , "Dillon o/ hydrogen « the 

We report the product atom or an exothermic r*^.. 
enerav hnl<»<; o->,-k ~# «-*oinermtc reaction wherein 

«:'yy noies. each of approximately 2721 ev «•» ^ ^ „ 
electrochemical reactant^ ttc*,** ? prov.ded by 

20 s=r Err- r =" ~ r ~~ 

heat was oLe^c, dn ° SUmU,3l<? th<s ,r3ns ""»> F — 

25 carbonaTe^KVK- e.ec 9 T*"™^ of a ™ous Potassium " 

or the cathodes or t^^tl^T Ca,b ° n3te - 
carbonate electrolytic « , Zni U>e sot » um 

Spectroscopy rj r rsl WWe by ESCA 

-< -2, tne prated 0 ^Z^^^S^ " 
« the i/j ouantum state, is 544 ev CdllT 9 "* 
assignment or the broad 544 * V pe* lo lt ,% ""^^ *" m <he 
exothermic reason wh^ in ,"k ? 2> 35 the prot,uct 

* stimulated to roTtT^Z ' °' hydrooen ^ are 

* t0 a ' am,ZPd ™ en ^' energy ,eve»s below that of 
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U* -ground state via fr=€tir-xi*. ft .«l 't octants K * anc k- wr>, c „ 
prov,ae energy holes wh,cr. simulate- these iransmons 

Methods 

5 r. ^ T' n ° al0rr ' ,d< "' ,,,f * ed » V ESCA ( £ ,ecirw Speclroscow 

,rf 7' - n3 ' yS ' 5) ^ rePOr ' H ' C " 2) pro **"™ « '"nt.r ,eo n 
ESCA o/ the cathode of ar. electrons celt comprise a mc*el cathode 
and a right water K 2 C0 3 electrolyte 

f> n , w E5CA 1 (£ ' ettr0n Spectroscopy for Ch em,cal Analysis) , s capable of 
0 0. , ev resolution of E„. the binding energy of each electron, of an atom 

iTZttrT 7**™ 3 Ph ° t0n S ° UrCe WHh ^ These Photons 

.on.ze electrons from the sample being analyzed. These ionized 

electrons are emitted with energy E ki n Ct ic : 

Ekinedc " Eh» - E& - E r /-t, -i\ 

' rton j£ ' S '"IK ,n<J,f>9 ^ ° f e,eClr ° n - ant » E ' is a neglige 
reco,. energy. The Unetic energies of the emitted electrons are 

measured by measur.ng the magnetic field strengths necessary to have 

then hit a detector. Since £ khHlc and ar c experiment a llyTnown E b 

can he calculated. The binding energies of all atoms and maL.a s of an 

ZZ ™ n e kn ° Wn ^ be — r ^ controls, thus. an. ES r A 
analysis can prov.de an incontrovertible identification of an atom The 
brnding energy of the various hydrino states are Known, and an expected 
hy0r,no s <*ctrum can be predicted. The binding energies are 

fb =^5 13.6 eV n = ^. |, 1 QM) 

The biding energies of the various hydrino Quantum Mates are glv*« ,, 

Experimental 

A search for the hydrino atom, lower- energy atomic form of 
hydrogen, in the nicxel cathode immediately following electrolysis 
of aqueous ootass.um carbonate (K'/K' e.ectrocata.yt.c coup.e) was 
conducted usmg E5 Ca where the cathode of a sod ,um carbonate 
electroiyt.c cell was the control. 

mm ,K\ e3Ch "* Catn0de 3 7 5 Cm W,d6 5 cm long by 0 .25 

mm h,cK n,c*e» ton (A.dricn 99.9-S. co.o rolled, clean Ni) spiral o, 9 
mm d,ameter and ? mm pUcn wUn , r „. ke , |ffafl » aI « 
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* r« w as f?n , 0(/cd lhe spjf6i • - ; c*m, , 9 mn, roo 

'o.. cwhwfc. was sorted « 3* , W o S7 M x n ? ,ne 

ceil was N , 2C05 ; solunon for 30 m : n Utc , The « ho, , °' "* 
!rt 4 *aier. The leads were insert »m .-r~ ? 

leads were Inserted Into TeflonW< ,„ ' leM wlrt ri * 

d< the evolving cB Ses ""* S 10 orev '"' f«omt>ln atlo „, „ ,,„ y 

Is' '£X?'T°* $ ™ 3r3U °° OS'™ «» ' em 

overpotential which ran h D ^ wcionity or the hydrogen 
poss.h.e .eve, ^ZZ^ZT^ " "* ^ 

order to reproduce the excess h^/ T 9 Pr0CC<,ur<?s w ^ DPMed In 
experiment, toe erectrolsLlI Bef0re * tartin * ir * 

*> r^sed wHh d.stn.ed w ^ an'lTl tfT ^ ^ " 
thorough* w Un distH J watcr \ 0 rl * ^ 

« anode was mechantcatty 1^,7,7, C0nt «"5 The 

concentrated HNO3, and r ,™ h J Si JUT " " 
lemovea irom it* Mrt ^i w aicr. rr>e nickel cathode 

-h a way that no c^S^^ ^ « « « ro«ed h, 
surface. The n.clcel calhol W ,raosferr ^ to the ni<* C J 

e.ectro,ys, S current ^Z^TT^ T " W - «*" 

electrolysis current. ° r " n9 50,ut, °" w, ^out 

T,e e»ectro, yt e solution of ,he potasstum cel. was 200 m , or 0 
a ^oos K 2 co 3 (A,pna k 2 co 3 - 3 H?0 g9 . %) 

*™ 3 ^^^ «'» - *» „, or 057 m 

a constant , V 5,3n03rcJ »'->2C0 Z 99.9-X). 

-rs a, wntcr. i^Z^JSTT''' 6 ° ^ ^ S *»»«» 'or 30 
sample on ,,e outer s" ce c,ose,T? rem ° Ve ° *" 3 C3lrt ^ 

. dno examined t>v fSCA 
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unrn I " • T *" " lhe ca.orrmetry 

•r*9 he e.ectro.ysis c , pe^sium carbonate and sodmm catenate 

s »»ecirchri.= solutions o,,,n ,n ,,,, L ,gn, water Ca^ei^on, 
Results oi the ldentificat;or,of tr* Hytfr.no Atom by ESC a 
in figure ?r US °' " ESCA 3n3,yS,S ° f 3 COn,r °' — «*« -oears 
The results of the PSCA ana.ysis of a sample of the mckel cathon. 
0 from each of an aqueous potassium carbonate e,ectro. yl i C ce,,l d a 
control aqueous sod.um carbonate electrolytic cell arllL 
in FIGURES I4A-M0. eccroryoc cell are shown juxtaposed 

Ofscussion 

> The ESCA analysis of FIGURE MA shows a broad n P *k , ho k- „. 

energy or 54 4 eV for the cattle from the potass^ 

ZT^IT r ** C3th ° de ,r ° m "" ca^ona, 'c , 

ms rent . , " ^ ^ 30 e ' eCtr ° n Wi,h a b '™ng energy in ' 
th.s reg.on that was present ,n the electrolytic cel.. As shown J££e 
J the b,nd.ng energy of H*( ,/». the hydr.no atom having its e.eclrcn n 

ssionrnTT St3te ' " eV The * 3ta « S w.thThe 
assignment or the broad 544 ev peak to H*(l/ 2 ) as the product ol an 

TO ground state v, a electrochemical reactants K* and K' which 
~ner 9Y holes which stimulate these transitions acco^ to Egs. 

gpv_ H_yDra)GfN nn; rng g 

OSSLSossasjmsuUSl^tif ^on of the Olnvdr,™ em.-...,.. 

enernv hUeTln 6 T^' m0 ' eCU,e °' " eXOthe ^ iC ««*re.n 
wrp> noies. each of approx.mateiy 2 7 2 . eV, are provider by 

electrochemical reactam^ fk--/L-- „. y 

neat .„k 1 eiectrocstaiytic couple) which cause 

neat ,0 be released rrom hydrogen atoms as the.r electrons are 

* * l " " '«» «> P««l... energy levels TetoJthat ol 
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; 9 f 5es were conected ' rom pu,se " ™ coni — «™ t 

couple, w,«, « „,, keI cathode as weM as lh<,se o. an .den. , c? . control 

ZZiiTr:: e,ectro,yuc ceu For "* 

eJectrolyuccen. me prcv.ousi/ reported IM.ils R r,«„n w c 

« twn*,* wc „,„ lc y ali0 „, r jrr T 5 « i^:-. 

excess power of 41 W3 its exceed ih» • JY ' pro 9 ress - J 

™ o* t o exteeuea Ine tola inout nowor * ... 

a NO excess power „ 3S priced by the seoto C a,Pona,e elec rolvw 
cell TPe prefect ol the exollKrmlc readier, is iMronTI, . 
eleccoos 0 , ^ ^ lne S , C » » «™ hav.h, 

™,ec,cs The precceo m o,eco,es »ece pecmeo , rom all nc 
9 es Oy cryorntrp,^ „ 3SS spec,roscop,c aoelysls ' * es 

Method 

-ground sfat? 0 3t0m ' f1V{,, ° 9Cft " S C,CCtron ,n » than 

number, has an ^paired electron and would bind to the n.cke' carhop 
Bound nvc^en ato.,3 ^ 3 Wflh ^ of ^ „ y 

XuTe rorZ " ? ydrln ° m ° ,eCU,e tM * react '<- ^V-no 

and ! 5 betWCen hy0rinos and P r *<™ and electrons 

and between hyorinos and hydrogen atoms electrons 

yon.tratio:, ,o,,owed by the search tor mass spectroscopic anomaly 
Experiment a i 
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The Olhyunr,,, molec-* *■« ,«m„ wd , )y m3£S S|)ft|1 ^ 
report „« ? j ?c A J |>(0 . :J0C „ cn w lflenttf jw by ^ S(it . aroscopy ^ 

U.e cryohMereogas^ pvplv*, from an eleclrplvs,. cell c««,.c. 
nicKe. cathode an, a ng.„ v , 5t _ rr K?f0j etKtr ^ CH " cw,w «"* » 

tha i*. and to ha ve a tower hquefachon temperature than h 2 othycJnoo 
molecules present m the oases evolved from an electrolytic L> 1 
an electro.yte o, the e.ectrocat.lytic couo.e. KVK 

d.hydr.no mo,ecu.e was distinguished from nornj m^leco ar Crol 

potential for the two samples. 9 'om 2 at,on 

-mn rf ° a,a fr ° m fxperiment M l"»»«s. n. Good. w.. Shaubach R 
Oihydnno rioleaile identification- f „v, m t„^k , 

recorded over a 2*0 day Lr£ at a "n , in progress! were 

->n y » >er,od at an operating condition of I h? m 

20 amperes, ana 203 duty cycle Data for , ™ ' 

,. , w -ovum assuming 100% f aradaic efficlenrv An 

2^ ™ e he e :;. r0,ytiC W " 3 ^ ™ e^tro^e Zed" 

^sl i r::' R ' Di ^r,no no,ecu,e identification". 

«sion Technology, m progress) which produced 39. 1 watts of excess 
power according to the exothermic r.^.- excess 
in «• wmerimic reaction given by fas (43-4S) »n ■* 

showed no exces/hl , , " """"^ e,ectr °'y" 

samote were cZXL » > ^ ^ "* * 
sample J T"*™, »° ™ ««» Pori 250 ml high vacuum 

ouibs a r.hemauc oi the crvom.rat.on apparatus appears >n 
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cases /me co»l«ted Irorr, .he crvofii,r.r a, 0 n ? ' ' 

Mass spectroscopy o. tryof, Korea electrons gas samples from a 

cr,l \»Z . <J ' ;n ' Cry; f " !ert ' d s'-^^ogen. ana aase, from t* 
crvonlter .Ion, were re^m-ed wherehy the mtensity of the m, e - , 

fTp) mm" 2 Pe3kS ^ rCC ° r0Cd Wr, " e varym 9 »* '^"t,oo potenua, 
50 Jl j maSS SP<?C,r °^ t - ^ enure range or masses through n e - 
50 was measured following the determinate at m/e - . and m , e - 7 
in all cryofiltered samp.es. the only peaks detected in this mass ranoe 
were those consistent with trace a.r contamination (argon n troo e 7 
oxygen, water vapor, and .race C0 ? The mass spectroscopy ZT' 

a a ms u C r der Analy,<Ca ' ™ COnSUm ^ ^"oratorL. ,nc using 
a AC l MS 30 with a v 6 7070 source set at a sensitivity of 700 The ' 

iormat.on energy was cahbrated to within . , e v Tnl volume o t ■ 

• sir T ! by eV * c, '*">9 «* connection between the 

sample and a stopcock of the spectrometer then opening the evacuated 
volume to the sample vessel. evacuated 

no'ecu'e 0 ' "* M3SS SPettrOSCOp,c '^T'cation of the Oihydrino 

,nm>J he re ? ,tS °' th ° m3SS spec,r °scopic analysis with varvino 
»on, 2 at,on potential of standard hydrogen are given ,n TABLE 5' m 

Cr^o'cTr 015 - " ~ ^ ermine ° l " - - «* «™ 

-cectroscop.c analysis with varying ionization potentia, Q r standard 

nydrogen was independent of mass spectrometer sensitive y^mp.e 

ioniJlTl?'? °l ,f,CmflSS S( * c,rosco <>* analysis with varying 
.on, ? a,,oo potent, of centered standard hydrogen are given ir, TABLE 

ine results of the mass spectroscopic analysis with varyino 
.cn,at.on pou-ntia, of oases from the cryoii.ter "alone are gZ m 
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Discussion 

The dinyorino molecule H»J?c - is. I K 

ecu ip, h 2 j 2c - r- L has a higher lon. ?at i 0 n 

0 energy .nan „ ? . This was observe(J ■ 

58 J and m/e * 2 dp^icq u#mi a "uensMy of the rn/e 

-ass **tr™™CZ^£r , " ti0n POlem,a ' ( ' P) «' «* 

me ionization reaction of H 2 Is 

The ionization energies or water are ,26, ,48 88 ^ ^ 
S *ta of TABLE 9 an, riGURE 16 ^ n o ^e 2 f ^ "* 

an ,oni, 3 «, on potenUa , ^ £ a * ° - e - 2 , s present at 

molecular hydrogen as shown In TABLE 5 but a m/e -T T 

at a s.gn.ficanny h.gher Nation potenua 63 v I ^ 

removes essenti*?^ ... , p WU31 ' 53 eV ?he cryof liter 

TABLE 6 The cry u r * * ^ * -» of 

mass to charge C o > , ** WSm} SpCC,es > 

rrvnf ... 2 35 S " 0wn * tne d ^ of TABLE 7 The 

:ri;"i:r.r: t .::.?: , i^ - — . ~,:ir^ m 

»he data 01 table 0. 9 0 2 as 5nown «* 

c^m™ "* aSSi<J — " «* -v. ■ ^ or the 

H*J? ^ I * DOtaS3,um " r ^ate celt to 

\ c - £ J. the d.hvdrino mo,e«,le. as ,he product of an exothermic 

measured ionization ej gv o, 6 T P ! "* "T^ - "P""*™* 
theoretical ,on.-,,. " ° ' S cons ' st <™ w »»> «he 
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TABLE 2. 



Faraday^ Calculated Measured Ffrincncy 

Eleciroiyje p as (mmol) Volume (m ) Vo lume <ml ) {%\ 

0.57MK 2 C03 1.96! 49 91 51.30 102 8 

0 57MNa 2 CO3 I.95S 49 69 49 86 , 003 
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TABU 4. 



Principle Ouantum 

f***" tnfiattJtJU 



\/2 
1/3 
1/4 



13.6 
54 A 
122.4 
217.6 
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TABLE 5. 



Ionize! ion Potential 


Intcnsuy of Signal (volts) 




(eV) 


<? Moss toCrerge Ratio 






1 > 





126 
22.7 

78.9 



0 
0 

0.005 
0.012 



0 

2.5 
5.4 
6.8 
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TA6LE 6. 



foni^olion Potential 
(CV) 



lnlcf>S)ty of Si{TK)l ( voKs) 

Hos* luCfidf g? Ratio 
(m/c) 

! L_ 



22.7 
45.1 
78.9 



0 

0,006 
0.0025 



0 

0 000 
0.005 
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1ABLE 7. 



ionization Potential 



intensity of 6ional (volts) 

mass to Cher 95 h&tio 
(m/e) 

! 1 



27 7 
78.9 



0 
0 

0.005 



0 
0 
0 
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TABLE 8. 



ionization Potent iol 
ieV) 


Intensity of Signal (vol Is) 
(m/e) 

• » 1 2 


27 7 


0.014 


0 004 


45 1 


0.040 


0 


76\9 


0.1 SO 


0.025 
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TABLE 9. 



T-9 



loni/aUon Potential 
(CY) 



Inlcnsily of $igr*ftl ( volts) 
<?> fft^ to Choi ye fcauo 
(m/e) 

! L_ 



22.7 
75.9 



0.010 
0.071 
0.060 



0.025 
0.020 
0.240 
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I. A hydrogen atom having tne property* thai its electron is 
in a tower than "ground state' energy level which corresponds lo a 
fractional quantum number 
5 2 a method of isolating tne hydrogen atom of claim i, 

compromising the steps of. 

isolating the hydrogen atom via cryol inration; and 
identifying the hydrogen atom by searching for mass 
spectroscopic anomalies. 
10 3. A method of releasing energy, comprising the steps of: 

selecting an element of matter having a nucleus and at least one 
- electron disposed in a first electron orbital; 

determining the resonance shrinkage energy of the electron 
orbital and an energy hole that will stimulate the at least one 
15 electron to undergo a resonance shrinkage transition to relax to a 

quantized potential energy level below that of a "ground state" of said 
element of matter, thus defining a second electron orbital of smaller 
dimensions than said first electron orbital; 

providing said energy bole substantially equal to the resonance 
20 shrinkage energy of the element of matter; 

juxtaposing said element of matter and S3id energy hole; 
whereby the at least one electron of the element of matter is 
Stimulated by said energy hole to undergo at least one shrinkage, thus 
releasing energy. 

25 4. The method of claim 3, wherein the step of providing the 

energy hole comprises providing a catalytic system where at least 
one electron is transferred from one of a first atom, ion, and 
molecule to one of a second atom, ion, and molecule. 

5. The method of claim 4, wherein a sum of two ionization 

30 energies of said first atom, ion, or molecule less a sum of two 
ionization energies of said second atom, ion, or molecule is 
c-pproxirnately 27.2 1 ev 

6 The method ol claim 3, wherein the sten of providing the 
energy nole comprises a catalytic system, wherein the overall 

35 reaction is: 
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H> ] "' '{(p ' |; ] • lit' • »> ? -0?) / 13 6 C-V 
where a n , S , h , orbttsnhere r Mlus p represent, , he number of 

A jjr essur i? 60 g*s energy reactor, comprising 
5 means lor containing a SO urce of hydrogen 

means to dissociate the hydrogen ,nto atom.c hydrogen 

with 0rm9 ' n9 "* 0,ssoc ' 31 ^ »V*ogen atoms into contact 

with one or a molten. , fqoW . or sohd solution of energy notes and 

means for removing lower-energy hydrogen so as to prevent an 
1 0 exothermic shrinkage reaction from coming to equilibrium 

O A hydrogen molecule having the property that its electron* 
fractional quantum number 

15 r „ m nr 9 ' A meth01 ' ° f ' S0,3lin9 ,hC h y° r °gen molecule of claim 8 
15 compromising the steps of: °' 

isolating the hydrogen atom via cryof iltrat ion: and 

SDer,rr a ' ,,yin9 ,h<? hyClr ° 9en m ° ,eCUle ^ se3rcm "9 for mass 
spectroscopic anomalies. 

se 0 .ec»tnr? °' rC,<>3Sin9 ° ner9y ' C0l "^ si ^ «•* steps of: 

electron! 1/ °* """^ ""'"a 3t ' e35t two « two 

uectrons disposed in a first electron orbital. 

deterrninitvi th„ — . — 

__ rt " a " ^ c ; "" «>w.aye energy oi tne electron orhiial 

and an energy h0|e mat wm sumu(ate ^ ^ ^ on orb.tal 

undergo a resonance shrjnkage JC r ns to 

ma te^ ^ ,eVC ' ^ ^ °' 3 ^ <>r -id e ement of 

: 3 — c »-tron orb,tal of smal.er dimensions 

1 wu 5 010 f «si electron orbital; 

snr^ Dr ° V,0in9 **** Pn ' r9y h ° ,e su °Stantially eoua. to the resonance 
shrinkage energy 0 , , he ele ment of matter enhance 

iuxtaoosmg said element of matter and sa.d energy h 0 , e 
whereby the a, .east two electrons of tne element of matter 3 r* 
M ulated by said energy nole to undergo a, leas, one snnn^o hu 7 

euro, , wle corapriSM Drov|dmg a cataiyi f sys{pm v ^ ^ ^ 
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electron is transferred irom one of h fir si atom, ion. anc molecule to one 
of a second atom. ion. and mc:ecuie. 

12 The method or claim I 1, wnerein mt ionization energy 01 
said first atom. »on. or molecule a Uif ionization energy of sa;c 
5 second atom, ion, or molecule is approximately m x Atb eV 

13. The method of claim ;o. wherein the step of providing the 
energy hole comprises a catalytic system, wherein the overall reaction 
is: 

r ^[2 a 0 i r V2 a 0 ] 

H* 2 |2c - J M* ? |2c = p ; - J where 2C is the 

JO mternuciear distance of the hydrogen-type molecule, 

the energy hole is mp ? X 48.6 eV where m and p are Integers; 
during the transition, the elliptic field is increased from 
magnitude p to magnitude p • m; 

the total energy, Ej, released during the transition is 



♦ 1 



3.6ev[(?p2V2 - P 2 V2 ■ P -^)n jS_lJ . p V?] 



14 An electrolytic cell energy reactor, pressurized gas energy 
reactor, and a gas discharge energy reactor, comprising; 

means for containing a source of hydrogen, 
20 means for bringing the hydrogen molecules into contact with one of 

a solid, molten, liouid, or gaseous solution of energy holes; and 

means for removing the lower-energy hydrogen so as to prevent 
an exothermic shrinkage reaction Trom coming to equilibrium 
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15. A method or releasing energy, comprising the steps o f: 
selecting an elGraent of roatter having a n „ clcus and ^ 

one electron disposed in a f irst « 1<?ctron orbital . 

determining the resonance shrinkage energy or the electron 
orbital and the energy hole vhich uill stimulate the electron to 
undergo o resonance shrinkage transition to relax to a quantised 
potential energy level below that or a ground state of said 
element of matter, defining second electron orbital of sailer 
dimensions that .aid first electron orbital forcing a shrunkcn 
orbital of the clement of matter ; 

providing S aid energy hole substantially equal to the 
resonance shrinkage energy of the clement of matter; 

juxtaposing enid element of matter and said energy hole; 
whereby the electron of the element of matter io *ti» ulatcd by 
said energy hole to undergo at least one shrinkage a „d energy is 
released thereby. 

10. The method of claim 15/ wherein the ctep of providing, 
an energy hole comprioes providing a catalytic system including 
an electrochemical reactant comprising at least one of a cation 
and an anion. 

The method of claim 15. wherein said step of providing 
an energy hole comprises selecting a second element of matter 
Having an ionization energy substantially equal to the resonance 
shrinkage energy of said first element of matter. 
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ia. Apparatus for providing the release of energy, 
eomprisinq: 

" CinS f ° C *» el e»ent of ^tter in a selectctl 

•ol—. said elcraent hnving a nucicus ^ ^ 

disposed in a first electron ^ku..i » 

electron orbital having a resonance shrinXag 

energy; and 

»ea„ S introduced into sal<1 cclected volunie fm ^ 
energy hole in juxtapesitlon vith said ^ ^ 

energy nole having a magnitudc suhstantla Uy ^ ^ ^ 
resonance shrinkage energy, wherein: 

th. electron of the e, elnont of ^ttcr is ca talyzod by tl)r 
energy hoio to undergo at ,ea st one shrinkage transition thcrehy 
to release energy. 

- energy ho,e i s a substanctf COBpri<jing -t ^ ^ ^ 
element of raattet havlng ^ ionizatlon ... K _._ 

to the resonance shrinkage energy of said first element of 
matter . 

20. The apparatus of claim is vheroir, 

iv, vnerean sa*d neons providing 

an energy hole comprises a cat»T w f 

a cat «lytie system including an 

electrochemical reactant coraprisino at 

uprising at least one of a cation and 

an anion. 
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21. The apparatus of claim ig. wherein said first elemont 
of wtter comprises one of »„ ; 2„ and 3 H; an „ caid cecf>n<J eipocnt 
conprisec K f and K*. 

22. The apparatus of claia 19, further including an 
electrolytic cell comprising at least a cathode; an anode; an 
electrolytic solution; a vessel; a power supply providing a 
current; „ Bea „ s to control said current; on external energy 
source; and a means to control the pressure of the vessel. 

23. The apparatus of claim 22, wherein the catnode is 
nickel or graphite. 

24. The apparatus of cl aim 22 , whcreln tne anod<J ig 
platinum or nickel. 



25. t>iq apparatus or claije 22, wherein the electrolytic 
solution is aqueous potassium carbonate. 



26. The apparatus of claim 25, wherein the aqueous 
electrolytic solution is basic. 

2>- ine apparatus of clailB wherei „ tne 

" ea " S PrOVidC= int «r»ittent current of an intermittent sguare- 
U4Ve h ° Viny a " ° ffSeC v °"-> e of approximately 2.5 volts to 2.2 
volts; a peak voltage of approximately 3 volts to 2.75 vo3ts; a 
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Pea, current of a ppro* in , at:clv 17S proximately „ m duty 

cycle ; and a frequency of approximately 300Hz - ,500Hz . 

28- The apparatus of claiB 22> vhere . n ^ clcctrolys .^ 
cell is operated at a temperature above roo„ temperature. 

29. The apparatus of dai„ 19. wherein the source of a „ 
energy hole is a singlc cation ^ ^ ^ ^ ^ 

single Boleculc which Ic ^ cafc . on ncutrai Hjo.l ecu 1 e or anlon or 
- . coition of 6alu 6pccies ^ ^ ^ ^ 

nu bs ta„tl aily equivalent to n /2 27 . 2X eV vherc „ is an 
Integer . 

30. Toe apparatus of clai* 18 , „ herein Baid ^ proy 
■* energy ho i c conpriBe& ^ ^ ^ ^ ^ 

having an ionization ener™ • 

energy, which in combination with the 

ionization energy of 

<sr*«-.«in. produces said energy 

hole substantially cnmi ♦ 

equal to the resonance shrinkage energy of 

Mid fi rst element of matter. 

31- The app aratus of clain 19 whcre . n sa . d 

or matter comprise. an isotope of bydrogen and .aid second 
element comprises; 

- single-ion capable of producing energy h ol es for 
-r^in, hyd ro 3 en atons seiccte<J f _ ^ ^ ^ 

Catalytic Jon n - 

' ntn ionization energy 
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Ru2* 
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In?* 
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2803 


Te2* 


3 


27.96 



where the number following the atomic symbol („) is the nth 
ionization energy of the ntom, for example, Ti>* * 27.4»eV - Ti 5 * 



32. The apparatus of claim 3o, wherein said first 
client of matter comprise* an isotope of hydrogon and said 
second and said additional clemcntr. of matter couprise one of: 

(3) a two-ion couple capable of producing energy boles for 
shrinking hydrogen atoms, s*loctod from the group consisting of: 
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wherein the number in the column following the ion (n) is 
the nth ionization energy of the atom, for example, pd ? * * 
D2-93eV - Pd V + e" and Li* + e* « Li + 5.39eV; 
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wherein the number in the column following the ion (n) is 
the nth ionization energy of the atom, for example, Ga 2 * + 
30.71eV = Ga 5 * + <>' and H + e = H 4 3.0BeV; 

and (2) o cation and a molecule capable of producing energy holes 
for shrinking hydrogen atoms where the aolecule is reduced, 
selected from the group consisting of; 
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vheroin the nuaoor in the coluon following tho ion or 
"■oJccule („, is rhe nth ioni2ation enftrgy of fche atoni or 

-ol.«l.. for example, Ga " + , 0 . 71eV „ G ^ + ^ and ^ # # . = 
Bfj' + 2.65eV. 
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33. The apparatus of claixn ic, wherein said me^ns 
providing an enertry hole is a substance comprising a plurality of 
elements of matter, each having an ionization ener9y, wherein 
each ol said plurality of elements of matter are selected to 
prodxice a difference in ionization energies substantially equal 
to the resonance shrinkage energy of said first element of 
matter. 

34. The apparatus of claite 33, wherein said energy 
hole is provided by one of the following three- ion couples: 
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35. The 


apparatus 


of claim 18, 


further 


including: 



a pressurized gas energy reactor comprising at least a first 
vessel containing a source of tiydrogen; a means to control the 
pressure of the vessel; z means »o dissociate the molecular hydrogen 
into atomic nyorogen; a molten, liquid, cr solid solution of tne energy 
botes; a photon source: a second vessel; a power supply providing a 
Current; a means 10 control said current; an external energy source, a 
heating means; computerized monitoring and control system; and 3 
means that removes tne lower-energy hydrogen such as a selective 
venting valve to prevent (he exotnermic shrinkage reaction from 
coming to eoulllurlum 

36. The apparatus of claim 35 , wherein: 

the inner surface of the first vessel comprises one or more of a 
cc2i or n'ckel. platinum, or palladium; and the outer surface i>f the 
:irs; vessel >s coated witr* one or wor* cf copper, reMunum, arsenic, 
cesium, &i2!iiKjm, or pa?:ao urn anc; an cxide sucn as CuO x , mo*. PoCx 
nnO K . A1C X . S:0 X 

37. The apparatus of claim :ji>, wherein: 

;:.e i.T-.er S'jrfa?e cf tr>e first vessel IS coatee' w?tn one or mere 
e? copDer. (elmr)um. a~sen»c, cps:um, pi a: mum, or call odium and an 
OK.oe sjen ^s CuO x P|0 K .. PdO x . rvOx AIG>. 5J0* . 
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38. The 



apparatus of claim 35, vheroin 

' w «erein the source of 

energy ho i eK ic p 0tassi „„, carbonate. 



con, 1 , 3 " 9e V3CWOT 3 h ^en source, a 

contro. vilvt :o control the ,!o W of hyarogw from the grocer, 

source to the gas o.scharge chamber; a molten. Hqum, or soM<j 

Dot Tonl, 1 ^ Cner9) ' h ° ,eS; * Dh ° t0n S0UrCe ' 3 "«»*. » a 
externa, e. S ' * ' ( ° ^ 5310 » 

and control system; ano a means mot remo.ea the lower-onoroy 
hvorogen socn as « S e, erllve vent.no va.ve to D revent the Z^.c 
Shrinkage reacuon rrom coming , 0 eoulllbrlum. 

«0. The apparatus of clai* 3*, wh e rei„ the cathode is 

palladium ;ind the ent»r«v : 

energy hole xa prowjdot , by U)e transfer of 

electrons from ixsl ♦ ^ ♦ ^ 

^« poijadiua to the discharge current. 



41 * Apparatus for providing 

providing the absorption of energy 

* ^ - 

resonance ^^2^ ^ ""^ ^ 3 

s TinZl 9 0 suostant.auy equal l0 sa-d resonance 

shrinkage energy, wherein 

en^rn r * ,ncwsM "° a«crp. ion 0 < orbital 

mat e ?* ™" ^ "* °< «* e, n ! , 0 r 

matter to be 5. ^ ed to undergo me reverse or at , C a<i one ' 
Shr.n ka „e uans.non proviso lhe at)sorptl()n Q( en<> "* 
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vcnung valves to prevent the endothermir r- ■ ™ r 

equilibrium, ooinerniic r . ... l0n rrom coming to 
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